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we provide evidence that the direction of dsRNA processing determines whether sense or antisense target RNA can be cleaved by 
the produced siRNP complex. 
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RNA INTERFEIUENCE MEDIATING SMALL KNA MOLECULES 

KELATED APPLICATIONS 

This application claims priority to U.S. provisional application mimber 60/382,983 
filed on May 24, 2002, the conteais of which are incorporated hierem by reference, 

BACKGROUND 

The tem "KNTA interference'* (KNAi) was coined after the iKscovery that injectioii of 
dsRNTA into the nematode C elegans leads to specific silencing of genes highly hotnologotis 
in sequence to the delivered dsRNA (Fire st aL, 1998). RKAi was subsequently also 
observed in insects^ frogs (Oelgeschlager et aL:, 2000), and oliier animals including mice 
(Svoboda et al„ 2000; Wianny and Zemicka-Goetz., 2000) and is likely to also exist in 
humans. RNAi is closely linked tx> the post-transcriptional gene-silencing (PTGS) 
mechanism of co-suppression in plants and quelling in fungi (Catalanotto et aL, 2000; 
Cogoni and Macino, 1999; Daltnay et aU 2000; Ketting and Plasterk^ 2000; Mounain et aL^ 
2000; Smardon et aL, 2000) and some componenfa of tfae RKAi machineiy are also necessary 
for post-transcriptional silaacing by co-suppression (Catalanotto et aL^ 2000; Itembuig et aL, 
2000; Ketting and Plasterk, 2000).. The topic has also been reviewed recently (Bass, 2000; 
Bosher and I^bouesse, 2000; Fire, 1999; Plasterk and ^Letting, 2000; Sharp, 1999; Sijen and 
Kooter, 2000; Plant Molecular Biology, vol. 43, issue 2/3, 2000), 

In plants, in addition to PTGS, introduced iransgenes can also lead to transcriptional 
gene silencing via RNA-directedDNAmefhyla±i on of cytosines (see references in 
Wassenegger, 2000). Genomic targets as short as 30 bp are methylated in plants in an KNA- 
direcrted marmer (Pelissier, 2000). DNA methylation is also presoit in mammals. 

The natural ^fimction of RKAi and co-sv^pression appears to be protection of the 
genome against invafiioD by mobile genetic elements such as retrotransposons and viruses 
which produce aberrant RNA or daRNA in the host cell when they become active (Jensen et 
ak 1999; Ketting et aL, 1999; RatcHffe^ aL, 1999; Tabara et aL, 1999). Specific niimA 
degradation prevents transposon and virus replication although, some viruses are able to 
overcome or prevent this process by expressing proteins liiat sqpparess PTGS (Lucy ei aL, 
2000; Voinnet aL, 2000). 
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DsRNA triggers the specific degradation of homologous ISNAs only witibm tide region 
of idsntitj^ wifli the dsRNA (Zamore et al,, 2000). The dsRNA is processed to 21-23 nt RKA, 
firagments ami the target KNA cleavage sites are regularly spaced 21-23 nt apart. It has 
tlierefore been suggested that the 21-23 nt firagtuents are the guide ENAs for target 

5 recognition (Zamore et aL^ 2000). These short RNAs were also detected in extracts prepared 
&om D. melmogaster Schneid^ 2 cells which were traosfected with dsRNA prior to cell 
lysis (Hanunond et al.^ 2000), however^ the j&actions lhat displayed sequence specific 
nuclease activity also contained a large fraction of residual dsFNA The role of the 2 1-23 nt 
fragments in guiding xnEKA cleavage is further supported by the observation that 21-23 nt 

10 fragments isolated from processed dsBKA are able, to some extent, to mediate specific 

mRMA degradaidon (Zamore et al^ 2000). RHA molecules of similar si^e also accnmiilate ia 
plant tissue that eschibits PTGS (Hamilton and Batilcombe, 1999). 

Here, we use the estabhshed Drosophila in vitro system (Tuschl et al., 1999; Zamore 
et al,, 2000) to further explore the mechanism of KNAi. We d^nonstrate that short 21 and 

IS 22 nt RNAs, when base-paired with 3' ovethang^g ends, act as the guide EN As for sequence 
^cdficmRNA degradation. Short 30 bp dsRNAs arc unable to mediate RNAi in this system 
because fhey are no longer processed to 21 and 22 nt KNAs. Furthennore, we defined the 
target RNA cleavage sites relative to the 21 and 22 nt short inleifering RNAs (siRNAs) and 
provide evidence that the direction of dsKNA processing deteraiines whether a sense or an 

20 antisense target RNA can be cleaved by the produced saBNP endonuclease compile. 
Furlherj tibie siRNAs may also be important tools for tcanscriptional modulating, e.g., 
silencing of mammalian genes by guiding DNA melhylation. 

Fxirther experiments inhuman in vivo cell culture systenjs (HcLa ceils) showed that 
double stranded RKA molecules having a length of preferably fii^m 19-25 nucleotides have 

25 RNAi activity. Thus^ in contcast to ttie results from Drosophila also 24 and 25 nt long double 
stranded RNA molecules are elfici^ ibr RNAi. 



SUMMARY 

The present invention provides methods of mediating target-specific RKA 
interference. The compositions and methods described herein have improved e£&cacy and 
sa&ty compared to prior art compositions and methods. 
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The invcEHdon fiirther relates to the use of isolated double straiKied RNA Tnolecules, 
wherein each RNA strand has a length from 19-25 nucleotides, for mediating target specific 
Txacldc acid modificatioiis, particularly KNA inteiference (RNAi)> in mammalian cells, 
particularly in hmnan ceUs. Preferably, each strand of the FKA molecule has a leogth from 
20-22 nucleotides (or 20-25 nucleotides in mammaJiaa cells), wherein the length of each 
slraud may be Ihe same or difierent- Preferably, the length of the 3 "-ovathang reaches from 
1-3 nucleotides, whearein Ihe length of the oveihang may be the same or different for each 
strand Tbe RNFA-strands prcfearably have 3*--hydroxyl groups. The S'-tenninus preferably 
includes a phosphate, diphosphate, triphosphate or hydxoxyl group. The most effective 
dsRNAs are composed of two 21 nt strands which are paired such that 1-3 nt (particularly 
2 nt) 3' ovwhangs are present on both ends of the dsRKA. 

One aspect of the invention relates to a metibiod of mediating target-specific nucleic 
acid modifications, particularly RNA interference and/or DNA methylation, in a cell ox an 
organism. The method can include the following steps: 

(a) contacting the cell or organism with the <k«ible stranded RNA molecule of the 
invention under conditions wherein target-specific nucleic add modifications may occur and 

(b) mediating a target-specific nucleic acid modification effected by the double 
stranded RNA towards a target nucleic acid having a sequence portion substantiaUy 
corresponding to the double stranded RNA. 

The target gene to which the RNA molecule of the myendon is directed may be 
associated with a pathological condition. For example, ihe gene may be a pathogen- 
associated gene {e.g,, a viral gene), a tumor-associated gene, or an autoimmune disease- 
associated gene. Tlie target gene may also be a heterologous gene expressed in a 
recombinant cell or a geaetically a^tra^ed organism. By modulating, and particularly 
inMbitingi the function of such a gene, valuable mformation and therapeutic benefits in the 
agiricultural and medical fields can be obtained. 

In one aspect, the invention features a method of treating a subject at risk for or 
afBicted with unwanted cell proliferation, e.g., malignant or nonmaHgnant cell proliferatiooa. 
The method includes: 



3 
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piovidiag an siKNTA, a.^,, an siRNA having a structure descdbed herein, where the 
siENA is homologous to and can silence, e.g,, by cleavage, a gene that ptomoies unwanted 
cell proliferatiDn; and 

adinimstering the siKI*JA to a subject preferably a human subject, thereby treating the 
subject 

In a preferred embodiment^ the gsne is a growth &ctor or growth factor recqptor gene, 
a kinase^ e.g., a protein tyrosine, sedne or threonine kinase gene, an adaptor protein gene, a 
gene encoding a G protein snperfanaily molecule, or a gene encoding a transcription factor. 

In a preferred embodiment, the siRNA silences the PDGF beta gene, and thus can be 
used to treat a subject having or at risk for a disarder chaxacteiized by unwanted HiGcF beta 
expression, s.g^, testicuiar and Inog cancers. 

In another preferred embodiment the siRNA silences the Erb-B gene, and thus can be 
used to treat a subject having or at risk for a disorder characterized by unwanted Erb-B 
expression, e.g.^ breast oanca-. 

In a preferred embodiment^ the siRNA silences the, Src gene» and thus can be used to 
treat a subject having or at risk for a disorder characterized by unwanted Src e^qpression, e,g.^ 
colon cancers. 

In a preferred embodiment, the siRNA silences the CUK gene, and thus can be used 
to treat a subject having or at risk for a disorder characterized by unwanted CKEC 69q>F6Ssion9 
e.g., colon and hing cancers. 

hi a preferred embodiment, the siRNA silences the GRB2 geaie, and thus can be used 
to treat a subject having or at risk for a disorder characterized by zmwantcd GRB2 
expression, e.g,^ squamous cell carcinoma- 

In another preferred embodiment the siKNA sileoces the HAS gene, and thus can be 
used to treat a subject having or at risk for a disorder charact^ed by unwanted RAS 
expression; e.g.^ pancreatic, colon and lung cancers^ and chronic leukemia. 

In another preferred canbodiment the siRKA silences Ihe MEK3C gene, and thus can 
be used to treat a subject having or at risk for a disorder dhiaracterized by unwanted MEKK 
exjfnression^ e,g.y squamous cell carcinoma, melanoma or leukemia. 
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la another prefeed embodiment the siRNA sileacte tibt© JNK gea©, and fhiis caa be 
used to treat a aibject having or at risk for a disorder characterized by unwanted JNK 
expression;, e.g^, pancreatic or breast cancers. 

In a preferred embodmient^ the siE^A silences the RAF gene, and Ihus can be used to 
5 treat a subject having or at risk for a disorder charactoized by unwanted RAF ej^ression, 
fi-^v, lung cancer or leukemia. 

In a prefeired embodiment, the siRNA silences tibie Erkl/Z gene, and thus can be nsed 
to treat a subject having or at risk for a disorder characterized by unwanted Erld/2 expression, 
e.g.^ Imig cancer. 

1 0 In anothK- preferred embodiment the siRNA eUences the PCNA(p21)gene, and thus 

can be used to twsat a subject having or at risk &r a disorder characterized by unwanted 
PCNA expression, e.g,^ lung cancer. 

In a preferred embodiment, the siRHA silences the ]VfYB gene, and thus can be used 
to treat a subject having or at risk for a dLsarder characterized by unwanted MYB esspression, 
15 fi'.g., colon cancer or chronic myetogenous letflcemia. 

In a preferred esmbodiment^ the siRNA sileoces the c-MYC gene, and thus can be 
used to treat a subject having or at risk for a disorder characterized by unwanted c-MYC 
expression, e.g.^ Burkitt *s lymphoma or neuroblastoma. 

In another preferred embodiment the siRNA silences the JUN geaoe^ and thus can be 
20 used to treat a subject having or at risk for a disorder characterized by unwanted JUN 
expression^ &gr.> ovarian, prostate or breast cancers. 

In another preferred embodiimaat the siRNA silences the FOS gene, and thus can be 
used to treat a subject having or at risk for a disorder characterized, by unwanted FOS 
expression, e.^*, skin or prostate cancers. 
25 hi aprefened embodiment the siRNA silences the BCL-l gene^ and thus can be used 

to tieat a subject having or at risk for a disorder characterized by unwanted BCL-2 
expression, e.g-., Inng or prostate cancers or Non-Hodgkin lymphoma. 

In a preferred embodiment, the siRNA silences ttie Cyclin D gene* and thus can be 
used to treat a subject having or at risk for a disorder characterized by unwanted Cyclin D 
30 sicpression, e,g,, esophageal and colon cancers. 
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M a piefexod embodiment, the siRNA sikncss Ihe VEGF gene, md thus caabe used 
to treat a subject having or at risk for a disorder cfaaiacterized by unwanted VEGrF 
expression, e.g., esophageal md colon cancers. 

In a preferred embodiment, the siRKA silences the EGFR gene, and thus can be used 
5 to treat a subject having or at risk for a disoxd^ characterized by unwanted EGER. 
ejqjressionj e.g., breast cancer. 

In another preferred embo<toent the siRNA silences the Cyclin A gene, and fiius can 
be used to treat a subject having or at risk for a disorder characterized by unwanted Cyclin A 
expression, e.g,, lung and cervical cancers. 
10 Iti anothex preferred embodiment "ftie siKNA silences the Cyclin E gecie, and thus can 

be used to treat a subject havhag or at risk for a disorder characterized by unwanted Cyclin E 
expression^ e.g,, lung and breast cancers. 

In another prefecred embodiment the siSNA sileiices the WNT-1 gene, and thus can 
be used to treat a subject ha;ving or at risk ifar a disorder charactecized by unwanted WNT-I 
15 ejqpression, e.g,, basal cell carcinoma. 

In another pcesferred embodiment the siRNA silences the beta-catenin gene, and thus 
can be used to treat a subject having or at risk for a disorder characterixed by unwanted beta- 
catenin expression, e.g., adenocarcinoma or hepatocellular carcinoma- 

in another preferred embodimoat the siRNA silences the o-MET gene, and thus can 
20 be used to treat a subject having or at risk for a disard« characterized by unwanted c-MET 
expression, e,g.^ hepatocellular carcinoma. 

In another preferred embodiment the siKNA silaaces the PKC gene, and thus can be 
used to treat a subject having or at risk for a disorder characterized by unwanted PKC 
expression^ e.g.y breast cancer. 
25 In a prefoxed embodiment; the slRNA silences the NFKB gene, and thus can be used 

to treat a subject having or at risk iSor a disorder cdEiaracterized by unwanted NFBCB 
expression, e.g.^ breast cancer. 

In a preferred embodiment, the siRNA dleiices the STAT3 gene, and thus can be used 
to treat a subject having or at risk for a disorder characterized by unwanted STAT3 
30 expression, e.g.^ prostate cancer. 
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in anotlier preferred cmbodiinent the siRNA silences the survivin geaie^ and thus can 
be used to treat a subject having or at risk for a disordeir characterized by unwanted sm viviii 
expression, e.g.^ cervical or pancreatic cancers. 

In another preferred embodiment the siRNA silences the Her2/Neu gene, and thus can 
be used to treat a subj ect having or at risk &r a disorder chatactrarized by unwanted Her2/Neu 
expression, e.g.^ breast cancer. 

In another preferred embodiment the siRNA silences the topoisomerase I gene, and 
fhns can be used to treat a subject'having or at risk for a disorder characterized by unwanted 
topoisomerase I expression^ e.g., ovarian and colon cancers. 

In a preferred embodiment, -flie siRNA silences the topoisomerase H alpha genes, and 
thus can be used to treat a subject having or at risk fbr a disofd^ characterized by unwanted 
topoisomerase U expression^ e^g.^ breast and colon cancers. 

In a preferred embodiment, the siRNA silences mutations in the p73 gene, and thus 
can be used to treat a subject having or at risk for a disorder characterized by unwanted p73 
ejqpiession^ e,g,, colorectal adcnoqarcinoma. 

In a prefened embodiment^, the sIRNA silences mutations in the p2 1 (WAH /CIPl) 
gene, and thus can be used to treat a subject having or at risk for a disord^ characterized by 
unwanted p21 (WAFI/CIPI) expression, e.g.^ liver cancer. 

In a preferred embodiment, the siEJNA silences mutations in the p27 (KIPI) gene, and 
fbus can be used to treat a subject having or at risk for a disorder characterized by unwanted 
p27(KlPl) expressicai, e.g.^ liver cancer. 

in a preferred embodiment, the slRNA silences mutations in the PPMID gene, and 
thus can be used to treat a subject having or at risk for a disorder characterized by unwanted 
PPMID eixpression,, e.g., breast cancer. 

in a preferred embodiment the siRNA silences mutadons in ihe RAS gene, and thus 
can be used to treat a subject having or at risk for a disordCT dharacterized by unwanted RAS 
eocpression, e.g,, breast cancer. 

In another preferred embodiment the siRNA silences mutations in the caveolin I gene, 
and thus can be used to treat a subject having or at risk for a disorder characterized by 
unwanted caveolin 1 expression, e,g., esophageal squamous cdl caicinoma. 
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In anotiier preferred embddiincat the siRNA silences mutations va the MJBI gaie md 
tos can be nised tq treat a subjectf having or at risk for a disorder cbaracteaized by unwaated 
MIBI exprcssioji, e.g^., male breast carcmoma (MBC). 

la another preferred embodimenl the siRNA silences mutations in ^e MTAI gene, 
and thus can be used to treat a suibj ect having or at risk ibr a disordisr chaiTactenzed by 
unwanted MTAI esqwession, e.g,^ ovarian carcinoma. 

la another preferred embodiment the siRKA silences mutations in the M6S gene, and 
thus can be used to treat a subject having or at risk for a disorder characterized by unwanted 
M68 expression, e,g., human adenocarcinomas of the esophagus, stomach, colon, and 
rectum. 

In preferred embodiments the siEtNA silences mutations in tumor si^ressor genes, 
and thus can be used as a method to promote apoptotic activity in combination with 
chemotherapeutics. 

In a preferred embodiment^ the siRNA aleoces mutations inthe p53 tumor suppressor 
gene^ and thus can be used to treat a subject having or at ride for a disorder characterized by 
unwanted p53 expressdon, e.g.^ gafl bladder, pancreatic and lung cancers. 

In a preferred embodiment, the siRNA silatices mutations in the p53 family member 
delta N-p63> and thus can be used to treat a subject having or at risk for a disorder 
characterized by unwanted delta N-p63 eixpressionj squamous cell carcinoma. 

In a preferred embodiment, the ^RNA sil^ices ccxutations in fhs pKb tumor 
suppressor gene, and thus can be used to treat a subject having or at risk for a disorder 
characterized by unwanted pRb expression, eg*., oral squamotis ceE carcinoma. 

Ih a preferred embodiment^ the siRNA silences mutations in the APCl tumor 
suppressor gene, and thus can be used to treat a subject having or at risk for a disorder 
characterized by unwanted APC3 expression, e.g,, colon cancer. 

In a prefixed embodiment, tbe siRNA silences mutations in the BRCAl tumor 
suppressor gene, and thus can be used to treat a subject having or at risk for a disorder 
characterized by unwanted BRCAl expression^ eg., breast cancer. 

la a {»%fbned embodiment, the siRNA silences mutations in the PTBN tumor 
suppressor gene, and thus can be used to treai a subject havmg or at risk for a disorder 
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charactaized by xmwaisted PTENT expression; ^.g., hamartomas, gpiioxnas, and prostate and 
endometrial cancers. 

In a preferred embodiment, the siRNA silences MLL fu&ion genes. MLL2 e,g., AP9, 
and thus can be uised to treat a subject having or at risk for a disorder charact^ized by 
5 imwanted MLL fusion gene cxpr^ion, e.g., acute lesikemias. 

In another prefenred embodiment the ^KNA silences the BCE(/ABL filsion gene, and 
tlius can be used to treat a subject having or at risk for a disorder charact€aized by unwanted 
BCR/ABL fusion gene expressiort, e.g.^ acute and chronic leukemias. 

In another prefeared embodiment the siRNA silences the TEL/AMLl fusion geae, 
1 0 and thus can be used to treat a subject having or at risk fttr a disorder charactaized by 
unwanted TEL/AMLl fusion gene- e^^ession, e,g., childhood acute leukemia. 

In another preferred embodiment the siEKA silences the EWS/FLIl fusion gene, and 
thus can be used to treat a subject having or at risk for a disorder characterized by unwanted 
EWS/FLn fusion gene expression, e.g,, Ewing Sarcoma. 
15 Ja another prefered embodiment the siRNA silences the TLS/FUSl fusion g«ie, and 

thus can be used to treat a subject having or at risk for a disorder characterized by unwanted 
TLS/FUSl fusion gene expression, e,g.. Myxoid Iqjosarcoma. 

In another preferred embodiment the siKKA silences the PAX3/FKHR fusion gene, 
and thus can be used to teat a subject having or at risk fbr a disorder characterized by 
20 miwanted PAX3/FKI3R fusion gene cjqMrcssion, e.g^ Myxoid liposarcofma. 

In another prefeixed embodiment the siRNA silences the AMLl/ETO fusion gene, 
and thus can be used to treat a subject havmg or at risk for a disorder characterized by 
unwanted AMLl/ETO fusion gene expression^ e.g., acute hsokenda, 

la another aspect, the mvention features, a method of treating a subject, e.g,^ a human, 
25 at risk fcMT or afflicted with a disease or disorder that may beaaefit by angiogcncsis inhibition 
e.g^ cancer. The method includes: 

providing an siRNA^ e.g., an siKNA having a structure described hearein, which 
siKNA is homologous to and can silence, e,g„ by cleavage, a gene> which mediales 
angiogenesis; and 

30 administering the siKNA to a subject, thereby treating the subject 
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In a prefeired embodiment,' the siKNA silences the alpha v-iHtegrin gene, and thus 
cm be used to treat a subject having or at risk for a disorder characterized by unwanted alpha 
v-integrin, e.g,, brain tumors or tumors of epithelial origin. 

In a preferred embodiment, the siitNA silences the Flt-1 receptor gene, and thns can 
be used to treat a subject having or at risk: for a disorder characteiized by unwanted Flt-1 
receptors, e,g,a cancer and rheumatoid artfadtis. 

in a preferred embodiment, the siliNA silences the tubulin g^e, and thus can be used 
to treat a subject having or at risk for a disorder characterixed by unwanted tubulin, e,g., 
cancer and retinal neovascularisiation^ 

Jxi apreferred embodioieEil:, flue siRNA sile«ices the tubulin gene, and thus can be used 
to treat a subject having or at risk ^ a disorder characterized by unwanted tubulin, e.g^ 
cancer and retinal neovascularizatibii. 

In another aspect, the invention features a method of treating a subject infected with a • 
virus or at risk for or afflicted with a disorder or disease associated with a viral infection. 
The method includes: 

piovidrng-an siRNA, e,g,^ and siRNA having a structure described herein, which 
siRNA is homologous to and can silence, e.g., by cleavage, a viral gene or a cellular gene 
which mediates viral function, e,g.^ entry or growth; and 

administering the siRNA to a subject, prefisrably a human subject, thereby treating the 
subject. 

Thus, the invention provides for a method of treating patients infected by the Human 
P^illoma Virus (JIPV) or at risk for or afflicted with a disorder mediated by HPV, e.g.j 
cervical cancer. HPV is linked to 95% of cervical carcinomas and ihus an antiviral thrarapy is 
an attractive method to treat these cancers and other symptoms of viral in^tion. 

In a preferred embodiment^' the eacpression of a HPV g^e is reduced. In anothrar 
preferred embodiment, the HPV gene is one of the group of E2, E6, or E7. 

In a preferred embodiment, the expression of a human gene that is required for HPV 
repHcation is reduced. 

The inv^tion also includes a melhod of treating patients inffeeted by the Human 
Immunodeficiency Virus (HIV) or -at risk for or afflicted with a disorder mediated by HIV, 
e.g,^ Acquired Immune Deficiency Syndrome (AIDS). 

10 
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JxL a preferred embodimes^i; tho expression of a HIV gene is reduced. la another 
preferred embodiment, the HIV gene is CCR5, Gag, or Rev. 

In a preferred embodiinerit, the expression of a hmnaji gene that is required for HIV 
replication is reduced. In another preferred embodiment, the gene is CD4 or TsglOl. 

The invention also Includes a method for treating patients infected by the Hepatitis B 
Virus (HBV) or at lisk fbr or afflicted with a disorder mediated by HBV, e.g^ cirrhosis and 
h^toceilular carcinoma. 

In a preferred embodiment, Hno e^qjression of a HBV g^e is reduced. In another 
preferred embodiment, the targeted HBV gene eoacodes one of the group of the tail region of 
the HBV core protein* the pre-cregious (pre-c) region, or the cregious (c) region. Jn. another 
preferred ^bodiment, a targeted HBV-KNA sequ«ace is comprised of the poly(A)taiL 

In a preferred embodiment, the expression of a human gene that is required for HBV 
replication is reduced. 

The invention also provides for a mdhod of treating patienls infected by the Hepatitis 
A Vims (HAV), or at risk for or afiUcted with a disorder mediated by HAV. 

In a preferred embodiment, liie eicprcssioii of a human gene liiat is required for HAV 
replication is reduced. 

The present invention provides for a method of treating patients infected by the 
Hepatitis C Virus (HCV), or at risk jEbr or afHicted with a disonier mediated by HCV, e.g„ 
drrhosis. 

In a preferred embodiment^ the expression of a HCV gene is reduced. 

In another preferred embodiment the expression of a hmnan gene required for HCV 
replication is reduced. 

The present invention also provides for a method of treating patients infected by any 
of the group of Hqpalitis viral stragas comprising Hqjatitis D, E, F, or H, or patients at risk 
for or afflicted with a disorder mediated by any of tihiese strains of Hepatitis. 

In a preferred embodiment, the expression of a Hepatitis E, F, G, or H gene is 
reduced. 

In another preferred embodSment the exjiression of a human gooie that is required for 
Hepatitis D, E, G or H replication is reduced. 
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Methods of the inveation also provide &r treating patients infected by ttie Respiratory 
Syncytial Virus (RSV) or at risk for or afflicted with a disorder mediated by RSV, e.g,^ lower 
respiratory tract itifectioii in infants and childhood asthma, poeumoma and other 
complicatioiis, e.g^, in the elderly. 

hi a preferred embodiment, the expression of a RSV gene is reduced. In another 
pre&cred embodim^oi^ ihe targeted RSV gene encodes one of the group of genes N» L, or P. 

In a preferred embodimait» the eji|jres5ian of a human gene that is required for RSV 
replication is reduced. 

Methods of the invention provide for treating patients infected by the Herpes Simplex 
Virtts (HSV) or at risk for or afOicted with a disorder mediated by HS V, e.g.^ genital herpes 
and cold sores as well as lif&-tbreatening or sight-impairing diseases mainly in 
immunocompromised patients. 

In a preferred embodiment, thie expression of a HSV gene is reduced. In another 
prefixed embodim^ the targeted "HSV gene encodes DNA polym^^s or the helicase- 
primase. 

In a preferred embodiment, &e expression of a liuman gene that is required for HSV 
replication is reduced. 

The invention also provides a method for treating patients infected by the herpes 
Cytomegalovirus (CMV) or at risk for or afOicted with a disorder mediated by CMV, cg^., 
congeintal vims in&ctions and morbidity in immimocompromised padents. 

In a preferred embodiment, the expression of a CMV gene is reduced. 

In a preferred embodiment; the e3q>ression of a human gene that is required for CMV 
replication is reduced. 

Methods of tihie invention also provide ibr a raefliod of treating patients nifected by 
the herpes Epstein Barr Vims (EB V) or at risk for or afSicted with a disorder mediated by 
EBV, e,g.f NEC/T-cell lymphoma, non-Hod^n's lymphoma, and Hodgkin's disease. 

In a preferred embodimentj the expression of a EBV gene is reduced. 

In a preferred embodiment, the expression of a human gene required for EBV 
replication is reducesd. 

Methods of tide invention also provide for treating patients infected by Kaposi *s 
Sarcoma-associated Herpes Virus (ECSHV), also called human herpesvirus 8, or patients at 
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risk for or mioted witii a disorder mediated by KSHV, e.g., Kaposi sarcoma, multicentric 
Castleman 's disease and AIDS-assodated primary effusion lyn^boma. 

In a pcceferred embodiment, the expression of a KSHV gene is reduced. 

In a piefeired embodiment, fbe expression of abiman gene that is required for KSHV 

5 replication is reduced. 

The invention alsoincludesametfaodfortrea^patietttBinfectedbyllieJC Virus 

(JCV)oradiseaseord5sardQ:assodatedwi1hto viras. e.^^ progressive tnultiibcal 

leufeoenceplialopathy (PML), 

In a preferred embodiment, the expression of a JCV gene is reduced. 
10 Xn preferred ^bodiment ^e expression of a tanan gpne ftat is required for JCV 

i^lication is redwed- 

MetiiDds of die invention also provide for treating patieats infected by the myxovinis 

or at risk for or afflcted mtb a disorder mediated by myxovirus; e.g,, influenza. 
In a preferred embodiment; tiie expression of a myxovirus gene is reduced 
15 inapreferrcd embodiment, the expression of a human genesis required for 

myxovirus replication is reduced 

Methods of the invention also provide for treating patienis infected by the rhinovirus 
or at risk for or afflicted with a disorder mediated by rhinovirus, e,g., the common cold. 
In a preferred embodiment, the expression of a ibinovirus gene is reduced 
20 In preferred ranbodiment Ihe expression of a hmnan gene that is required for 

rhinovims replication is reduced 

Methods of the iuvention also provide for treating patients infected by the coronavims 
or at nsk for or afSicted with a disorder mediated by coranavirus, &.g-, the common cold 
In a preferred embodiment, the expression of a coronavirus gene is reduced 
25 In preferred embodhnent the expression of a human geaie lhat is required for 

coronavirus replication is reduced 

Methods of the invention also provide fortreating patients infected by the flavivirus 
West Nile or at risk for or afElicted with a disorder mediated by West Nile Virus. 

In a preferred embodiment, ihe expression of a West Nile Virus g^sne is reduced. 
30 In another preferred eanbodtospt, the West Nile Virus gene is one of the group 

comprising E, NS3, orNSS. 

13 
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In a preferred embodimeat, the racpressioii of a human getie that is required far West 
Mle Virus replication is reduced. 

Methods of the invention also provide for treating patioits infected by the St Louis 
Encephalitis flavtvims, or at risk for or afflicted with a disease or disorder associated with 
this vims, e.g., viral haemorrhagic fever orneurologioal disease. 

in a preferred enibodimeiit, the eacpression of a St Louis Encephalitis gene is reduced. 

In a preferred embodiment. Hie expression of a human gene that is leqiitred for St. 
Louis Encephalitis virus replication is reduced. 

Methods of the invention also provide for treating patients infected by the Tick-bome 
encephalitis flavi virus, or at risk for or afflicted with a disorder mediated by Tick-bome 
encephalitis virus, e^g.^ viral haemoixhagic fever and neurological disease. 

In a preferred ^bodiment, the expression of a Tick-bome encephalitis virus gene is 
reduced. 

In a preferred embodiment the expression of a human gene that i$ required for Tick- 
bcsme eaicephalitis virus replication is reduced. 

Methods of the invention also provide :for methods of treating patients infected by the 
Murray Valley encephatitis flaviviius, which cominonly results in viral haemonhagic fever 
and nenrologicai disease. 

In a preferred embodimfint, the expression of a Mintay Valley encephalitis virus gene 
is reduced. 

In a preferred embodiment, the expression of a human gene that is required for 
Mxtrray Valley encephalitis virus replication is reduced. 

The invention also includes methods for treating patients infected by the dengue 
flavivirus, or a disease or disorder associated with this vims, e^g., dengue haemoniiagic 
fever. 

In a preferred embodiment; the expression of a dengue virus gene is reduced. 

In a preferred embodiment, the expression of a human gene that is required for 
dengue virus replication Is reduced. 

Mediods of the invention also provide for treating patic^ infected by the Simian 
Virus 40 (SV40) or at risk for or aiEIicted with a disorder mediated by S V40, e.g^ 
tumorigenesis. 
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In a prefexred enibodimeiit^ the expression of a SV40 gene is reduced. 

In a prefened embodiments the expression of a human gene that is required for SV40 
xeplication is redioced. 

The invention also includes metliods for treating patients infected by the Human T 
Cell Lyraphotropic Virus (HTLV), or a disease or disorder associated with tliis vims, e.^., 
leukecnia and myelopathy. 

In a pref^red embodiment, the expression of a HTLV gene is reduced, id anotiber 
preferred embodamexit the HTLV gene is the Tax transcriptiQual activator 

In a preferred embodiment, I3ae expression of a human gene that is required for HTLV 
replication is reduced 

Mcdaods of the invention also provide for treating patients infected by the Moloney- 
Murine Leukemia Virus (Mo-MuLV) or at risk for or afQicted with a disorder mediated by 
Mo-MuLV, e.g.^ T-cell leukemia, 

3h a preferred embodhnent, the expression of a Mo-MuLV gene is reduced. 

In a prefenred embodiment, the expression of a human gene that is required for Mo- 
MuLV lepHcation is reduced. 

Methods of the invention also provide for treating patients infected by the 
encephalomyocarditis virus (EMCV) or at risk for or afflicted with a disorder mediated by . 
EMCV, e.g.y myocarditis. HMCV'leads to myocarditis in mice and pigs and is capable of 
infecting human myocardial cells. This vims is tiaerefore a concern fi>r patients undeigoing 
xenotransplantation. 

In a preferred embodiment, the expression of a EMCV gene is reduced. 

In a preferred embodiment, the expression of a human gene that is required for 
EMCV replication is reduced. 

The inveaition also includes a method for treating patients infected by the measles 
virus (MV) or at risk for or afflicted with a disorder mediated by MV, e.g., measles. 

In a preferred embodiment, the expression of a MV gaie is reduced. 

In a preferred embodiment, the expression of a human gen© that is required for MV 
replication is reduced. 
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The invootion also includes a method for treatmg patients infected by the Verii5Blla 
zostea- virus (VZV) or at risk for or afflicted with a disorder mediafced by VZV, e.g.^ chiciceQ 
pox or shingles (also called zoster). 

In a prefeixed embodixaent, the expression of a VZV gene is reduced. 
5 In a preferred embodiment, the expression of a hranaai gene that is reqiiked for VZV 

leplication is reduced. 

The invention also includes a method for treating patients infecsted by an admovirus 
or at risk for or afflicted with a disoidea: mediated by an adenovirus, e,g,, respiratory tract 
infection. 

10 In a pref^jced embodun^t, the expression of an adenovims gene is reduced. 

In a preferred embodiment, the expression of a human gaae that is required for 
adenovijcus replication is reduced. 

The invention includes a method for treating patients infected by a yellow fever virus 
(YFV) or at risk fbr or afflicted widi a disorder mediated by a YFV, ajf . , respiiatory tract 
15 infection. 

In a preferred embodiment, the expression of a YPV gene is reduced. In another 
preferred embodiment, the preferred gene is one of a grot^ that includes the E, NS2A, or 
NS3 genes. 

In a picfecrBd eatnbodiment, tibe exprcssicsn of a human gene that is required for Y¥V 
20 replication is reduced. 

Methods of the invention also provide for treating patients infected by the poliovirus 
or at risk for or afflicted with a disorder mediated by poliovirus, e.^.^ polio. 

In a prefored embodhnent, the expression of a poliovinis gene is reduced 

In a {^referred embodiment, fhe expression of a human gene that is required fbr 
25 poliovirus replication is reduced. 

Methods of the invention also provide for treating patients infected by a poxvirus or 
at risk for or ajSlicted with a disorder mediated by a poxvirus, e.g., smallpox. 

In a piefetred embodiment;' the expression of a poxvirus gene is reduced- 

Id a preferred onbodiment, fhe expression of a human gene that is required for 
30 poxvims rq;>licaiiQn is reduced. 
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In another aspect, fee inveation features tnBthods of treating a subject infected with a 
patiaogen, e,g,^ abacterial, amoebic, parasitic, or fiingal pathogen. The method includes; 

providing an siRNA, e.g,, an siRNA having a stractare descnbed hereia, where 
siRNA is homologous to and can silence^ e.g,^ by cleavgige of a pathogen gene; and 
5 administering Uie sjOKNA to a subject, prefestably a human subjecl; thereby treating the 

subject. 

The target gene caabe onfe involved in groivth, ceU wall synthesis, protein synthesis, 
transcription, energy metabohsm.(€.^., the Krebs cycle), or toxin production. Thus, the 
present invention provides for a method of tjreating patients infected by a plasmodimn that 
10 causes malaria. 

In a prefoed embodiment, the esqpxession of a plasmoditim gene is reduced. la 
another preferred embodimentj. the gene is apical membrane antigen 1 (AMAl). 

In a preferred embodiment, the expression of a human gene that is required jfor 
Plasmodium replication is reduced. 
1 5 The invention also inchides mediods for treating patients infected by the 

Mycobacteriimi ulcesrans, or a disease or disorder associated with this pathogen^ e,g., a Bmuli 
ulcer. 

In a preferred ^bodiment, the expression of a Mycobacterium ulcerans gene is 
reduced. 

20 In a prefened «33bodiment> the eacpression of a human g^e that is required for 

Mycobacterium ulcerans replication is reduced. 

The invention also includes methods for treating patients infected by Mycobacterium 
tuberculosis, or a disease or disorder associated with this pathogen^ tuberculosis. 

In a prefbired embodlmeni; the eixpression of a Mycobacterium tiiberculo^ gene is 
25 reduced. 

In a preferred embodiment; the expression of a human g«ie that is required for 
Mycobacterium tuberculosis replication is reduced. 

The inveDtion also includes methods for treating patients infected by Mycobacterium 
l^nrae, or a disease or disorder assodiated with Ibis pathogen, ^.g.^ leprosy. 
30 In a preferred esntibodiiDent. ^ expression of a Mycobacterium lepme gene b 

reduced. 
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la a preferred embodiment, the expression of a human gene ihat is required for 
Mycobacterium leprae replicatioii is reduced. 

The invention also includes raethods for treating patients infected by the bacteria 
Staphylococcus aureus, or a disease or disorder associated with this pathogen^ e.g,, infecdons 
of the s^kdn or mucous mwbranes. 

la a pretoed embodiment, the oj^ressioii of a St^hylococcus aureus gene is 

reduced. 

In a preferred embodimeot, tiie expression of a human gene that is required for 
Staphylococcus aureus replication is reduced. 

The iavention also includes methods for treating patients infected by the bacteria 
Streptococcus pneumoniae^ or a disease or disorder associated with this pathogen, 6.g.^ 
pneumonia or childhood lower respiratory tract infection, 

hi a preferred embodiment, the expression of a Streptococcus pneumoniae gene is 
reduced. 

In apreftaed SDttbodiment, the exjnressioia of ahuman gene that is required for 
Streptococcus pneumoniae replication is reduced. 

The invention also includes methods for treating patients infected by the bacteria 
Streptococcus pyogenes, or a disease or disorder associated with this pathogen, e,g,^ Strep 
^noat or Scarlet fever. 

hi a piefbired embodunent, the otprcssion of a Streptococcus pyogeoes gene is 
reduced. 

hi a preferred embodiment, the expression of a human gene that is required for 
Streptococcus pyogenes replication is redticed. 

The inveaitioii also inchides methods for treating patients infectBd by the bacteria 
Chlamydia pneumoniae, or a disease or disorder associated with this pathogen^ e.g^., 
pneumonia or chiltihood lower respiratory tract infection. 

In a preferred embodiment, the expression of a Chlamydia pneumoniae gene is 
reduced. 

In a preferred embodiment, the expression of a human gene that is required for 
Chlamydia pneumcHBae replication is reduced. 
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The invention also includes methods for tceatmg patients infected by the bacteria 
Mycoplasma pneiumoniae, or, a disease or disorder associated with this pathogen, e.g.^ 
pneannonia or childhood lower respiratory tract tofection- 

In a prefeired embodinjent; the expression of a Mycoplasma pneumoniae gene is 
5 reduced. 

In a preferred embodiment; 12ie expressiaa of a hnman gene that is lequired for 
Mycoplasma pneumoniae replication is reduced. 

In one aspect, the invention featores, a method of treating a subject, e.g.^ a hmnan^ at 
risk for or afflicted with a disease or disorder characterized by aa unwanted immune 
10 xesponse, e,g^ an inflammatory disease or disorder, or an autoimmune disease or disorder. 
The method indodest 

providing an siRNA, e.g., an siRNA having a structure described herein, which 
slRNA is homologous to and can silence, by cleavage, a gene which mediates an 
unwanted immune response; and 
15 administering the siElNA to a subjecjt;, ther^y treating the subject. 

In a preferred embodhnent, the disease or disorder is an ischemia or rcperfusion 
injury, e.g.^ ischemia reperfusion or injury associated wiUi acute myocardial inferction, 
unstable angina, cardiopulmonary bypass, surgical intOTention {e.g,, angioplasty, sach. as 
percutaneous transluminal ccaonaiy angioplasty), a response to a transplanted ooc^g^ or tissue 
20 (eg., transplanted cardiac or vasciilar tissue), or thcombolyais. 

In a preferred embodiment, the disease or disorder is restenosis^ e.g.^ restenosis 
associated with surreal intervention {e.g.^ angioplasty, such as percutaneous transluminal 
coronary angioplasty). 

In a prefened OTbodimcnt;, the disease or disorder is hiflammatoty Bowel Disease, 
25 e.g.» Crohn's Disease or Ulcerative Coliiis. 

In a preferred embodiment, ttie disease or disotder is inflannnation associated with an 
infection or injury. 

hi a preferred embodiment, the disease or disorder is asthma, lupus, multiple 
soleiosis, diabetes, ag., type II diabetes, arduitis, e.g., iheumatoid or psoriatic. 
30 In particularly prefferred ©txibodnnent^ the siKNA silences an mtcgrin or co-Hgand 

thereof; e;^.. VLA4, VCAM, ICAM. 



BNSDOCID: <WO 03099298A1_L> 



wo 03/099298 



PCT/EP03/05513 



la particularly preferred embodimeats, the sjDKNA silences a selectin or co-Ugand 
tSiereof, e,g,, P-selecdn, E-selectin:(ELAM), I-sdlectin, orP-selectm g?ycoprotejai-<PSGLl), 

In particularly preferred embodiments, the siRNA silences a component of the 
complement system, e,g.^ C3, C5, C3aR, CSaR, C3 caavertase, C5 convertase. 
5 In pardcalarly preferred embodimenits, the siRNA silences a c^ieaBoldBe or receptor 

thercoj^ e g,, TNFo; TNFiS, IL-la^ IL-1 ft IL -2, IL-2R, IL-4R^ 11^5, IL-6, IL«8, TNFRI, 
TNERn, IgE. SCYAll, or CCR3, 

tn less preferred embodiments the siRNA sileaces GCSF, Grol, Gro2, Gro3, PF4, 
MIG, Pro-Platelet Basic Protein (PPBP), MlP-la, MW-W, RANTES, MCP-1, MCP-2, 
10 MCP.3, CMBKRl CMBKR2, CMBKaS, CMBKR5, AIF-1. or 1-309. 

M on© aspect, liie invention features, % method of treating a subject, e,g., a human, at 
risk for or afOicted with acute pain or chronic pain. The method includes: 

providing an siEOvTA, e.g., an siRKA having a strnctiire described herein, which 
SiRNA is homologous to and can silence, e.g.» by cleavage, a gene which mediates the 
15 processing of pam; and 

admims tering the siBNA to a subjecl^ thereby treating the snl^rfect. 

In. particularly preferred embodhncnts, the siRNA BilOT;es a component o f an ion 
channel. 

In particularly preferred embodiments, the siRNA silences a neurotransmitter receptor 
20 or ligand. 

In one aspect, the invention features a method of treating a subject, eg,, a human, at 
risk for or aMicted with a xi^jrological disease or disorder. The method includes: 

providing an siRNA, e,g,, an siRNA having a structure described herein, which 
siKNA is homologous to and can silence, e.^., by cleavage, a gene which mediates a 
25 neurological disease or disoarda:: and 

admimsteiing the siRNA to a subject, thereby treating Ihe subject 

In a preferred embodiment, the disease or disorder is Alzheimer's Disease or 
Paridnson's Disease. 

In particularly prefemed mbodJments, the siRNA silences an amyloid-fatnily gene, 
30 e.g., APP; a presenilSn graie, e.g^ PSENl and PSEN2, or ce-synnclein. 
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In a preferred embodiment, the disease or disorder is a nearodegenacBtive 
trinucleotide repeat discadcr, e.g,, Huntington disease, dentatorubtal pallidoluysian atrophy 
or a spinocerebeUar ataxia, e.g., SCAl , SCA2, SCA3 (Machado-Jos^H disease), SCA7 or 
SCA8. 

In pardctilariy prefeired embodiinents> the siRl^ A silences HD, DRPLA, SCAl » 
SCA2, MfDl, CACNUA4, SCA7, or SCAB. 

The loss of heterozygosity (LOB) can resi^lt in h<amzygosity for sequoice, e.g., 
genes, in the area of LOH. This can result in a significant genetic difference between noimaj 
and disease-state cells, &g., cancer cells, and provides a useiiil dieferance between nonnal 
and discsase-state cells, e,g„ cancer cells. This difference can arise because a gene or othca: 
sequence is hettfsrozygous in euploid cells but is honizygous in cells having LOH. 

The regions of LOH will oiften mclude a gene, the loss of which promotes unwanted 
proliferation, e.g,, a tumor suppressor gene, and oth^ sequences, such as other genes and, in 
some cases, a gene which is essential fbrnoxmal function^ e.g^ growth. 

Meihods of tiie invention rely, in part, on the specific cleavage or ailencnig of one 
allele of an essential gene with an 'siKNA of the invention. Ttie siRNA is selected such that it 
targets the single allele of the essential gene found in the cells havmg LOH but does not 
silence the other allele, which is present in cells which do not show LOH. hi essence, it . 
discriminates between the two alleles, preferentially silendng the selected allele. In essence, 
polymoiphisms, e.g., SNP^ of cssendal geaes that are affected by LOH, are used targets for 
a disordca: characterized by cells having LOH, e,g,, cancer cells having LOH. 

E.g., one of ordinary skill in the art can identify essential gaies which are in 
proximity to tumor suppressor genes, and which are within a LOH region which includes the 
tumor suppressor gene. The gene encoding die large subunit of human KNA polymerase H, 
P0LR2A, a geiie located in close proximity to the tumor suppcressor gene p53, is such a gene. 
It fi^uently occurs witMii a region of LOH in cancer cells. Other genes that occur within 
LOH regions, and axe lost in many cancer cell types, include the group comprising 
rephcation protein A 70-kD subunit, repHcation protean A ribomicieotide reductase, 

thymidilate ssynthase, TATA associated factor 2H, ribosomal protean S14, eofcaryatic 
initiadon factor 5 A, alairyi <KNA synlhetase, cysteinyl tRNA synthetase, KaK ATPase, 
alpha-I subunit, and transferrin rec^tor. 
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Accordmgly, th.e invention features a mettiod of treating a disorder characterized by 
LOH, &,g.s cancer. The meChod includes^ optionally, detennining the genotype of the allele of 
a gene in the region of LOH and,preferably determdtmg the genotype of hofh alleles of the 
gene in a normal cell; providing Ian siRNA which preferentiaUy cleaves or silences the allele 
found in the LOH cells; and adroinistering the siBKA to the subject, thereby treating ttie 
disorder. 

Th© mvsidon also includes an siKNA disclosed herem, e,g., an siRNA which can 
preferentiaUy dlence, e.g., cleave, one allele of a polymorphic gene. 

In another aspect, the invention provides a method of cleaving or silencmg more than 
one gene with an silWSfA. M these embodiments the siRNA is selected so that it has 
suflSciiait homology to a sequence found in more than one gene. For example, the sequence 
AAGCTGGCCCTGGACATGGAGAT is conserved between mouse lamin Bl, lamin B2, 
keratin complex 2-gene 1 and lamm A/C. Thus an siKNA targeted to this sequence would 
efectively silence this entire collection of gaies. 

The invention also includes an siRNA disclosed herein, e.^., an siKNA which can 
silence more than osie gene. 

In another aspect, the invention includes vectors, e,g., expression vectors, which 
encode siRNAs, e.g., siRHAs hoimologous with a gene disclosed herem. These mclude 
vectors which can express one or both strands of one or more siBNAs; a composition which 
includes a first vector which encodes a jgrst strand of an siRNA and a second vector which 
encodes a second strand of an siRKA; a vector which encodes a haicpin siRNA, e.g., a 
haiipin which upon cleavage provides botibi strands of aa siKKA The vector can also 
encode, and preferably express, a protein, e,g., a protein active in slRNA metabolism or 
function, e.g.. Dicer or Ago 2. 

In a prefened embodimeht, the vector or ddivery method, & g,, a virus, is selected 
such that the sillNA integrates into a preselected site, e.g., a site which will result in 
modulated, e.g., inducible or controlled expression, e.g,, by a pel m promoter or by a pol II 
promoter containing temporal, developmental, disease-state, or tissue specific pixjmoter 
elements. In o^er embodimcatE^ the Kcpression of an siRNA strand is driven by a tenqjoral, 
developmental, disease-state, or tissue specific promoter, e,g., a pol H promoter containing 
tonporal, developmetrtal, disease-state or tissue specific elements. 
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Unless otihicrwise defined, all tecMoal and sdeaatific trains used herein have the same 
meanixig as counnonly understood by one of ordmary sMU in the art to which this rnvm^on 
belongs- Although methods and materials similar or equivalent to those described herein can 
be used in the pmctioe or testing of the present inveation, useful methods and materials are 
described below. The materials, methods, and examples are illustrative only and not 
intended to be iiinitirig. Other features and advantages of the mvention will be zpp^i from 
the followiBg detailed description and fitim the claims. 

BRIEF 0ESCIUPTION OF THE DRAWINGS 
BIG. lAisagrapMcalr^resfflitationof dsRNAsusedfortargcdiigPp4^ 
Thr^ series of blimt-ended dsRNAs covering atange of 29 to 504 bp were prepared. The 
position of ttie first nucleotide of the sense strand of the dsRKA is indicated relative to the 
start codon of Pp-luc luRNA (pi). 

FIG. IB is a graphical xepresentation of the ratios of target Pp-luo to control Rr-luc 
actmtywhea normalized to abuffca: control 0?uf)- DsRNAs(5nM) werepreracubatedin 
DrosopMla lysate for 15 min at 25''C priOT to the addition of 7-methyl-giianosine-capped Pp- 
Inc and Rr-lnc mKNTA (-50 pM)- The incubation was continued for another hour and then 
analyzed by the dual luoiferase ^ay (Promega), The data are the average from at least four 
independent experiments standard deviation. 

BIG. 2 is a gel firom a time course experim«it of 21-23m«r fonoadon m the 
processing of intemany ^^P-laibeled dsRNAs (5 hM) in Drosophila lysate. The length and 
source of the dsRNA are indicated. An RNA size marker (M) was loaded in the left lane and 
the fragment sizes are indicated. Double bands at time zero are due to incompletely 
denatured dsRKA . 

FIG. 3 A is a denaturing gsei of the stable 5' cleavage products produced by 1 h 
hicubation of 10 nM sense or antisense RNA ^^P^abeled at the cap with 10 nM dsRNAs of 
thepl33 series in Drosophila lysate. Length markers were generated by partial nuclease Tl 
digestion and partial alkaline hydrolysis (OH) of the cap4abeled target RKA. The regions 
targeted by the dsRKAs are indifcated as vertical bars on tibie left and right sides of the gel. 
The 20-23 nt pacing between title predominant cleavage sites for the 1 1 1 bp long dsRNA is 
shown- The horizontal axiow indicates unspedfic cleavage not due to RNAi. 

23 
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FIG. 3B shows ^ sequences of tiie c^ed 177 nt sense and ISO nt antiset^e target 
KNAs, in antiparallel oxientaticm, such that coraplementaiy sequences are opposing each 
other. The regions targeted by the- different dsRKAs are indicated by black bars positioned 
between the sense and antis^se target sequences. Cleavage sites are indicated by circles: 

5 iaxge circlds for strong cleavage, small circles fcr weak cleavage. Thta ^¥ -radiolabeled 
phosphate group is marked by an astesrisk. 

FIG. 4A shows the sequences of -21 nt RNAs after dsRNA processing. The —21 nt 
RKA fegments were directionally cloned and sequenced. Some oligoribonucleotides 
originated from the sense sttand of the dsKNA, while others originated from the antisensc 

10 strand. Thick bars repreomtsequ^espreseiat in nitd%leclone£^ 

ri^ indica^ the frequency. The target RNA cleavage sites mediated by the dsRNA are 
indicated as circles (large circles fox strong cleavage^ small circles for weak cleavage (see 
FIG. 3B)- Circles on top of the sesnse strand indicated cleavage sites within the sense target 
and circles at the bottom of the d^tNA indicate cleavage site in the antiscnse target Up to 

1 5 £ve additional nudeoiides were identifred in '^2 1 nt fragments derived from the 3' ends of the 
dsRNA. These nucleotides are ranidom Gomlmia;tions of predominantly C, G, or A reaidues. 

FIG 4B is a collage of two-dimensional TLC plates. -^21 nt RNAs w^e generated 
by incubation of internally radiolabeled 504 bp Pp-Iuc dsRNA in Drosopliila lysate, gel- 
purified, and ihssa digested to mononucleotides with nuclease Pl (top row) or libonnclease T2 

20 (bottom row). The dsRNA was iEtonaHy radioM»^ed by transcriptiou in tJno presence of 
one of the indicated a-^^V nucleoside triphosphates. Radioactivity was detected by 
phosphorimaging. Nucleoside 5 '-monophosphates, tmcleoside 3 -monophosphates, 
nucleoside 5\ 3'~dipbosphates, and inorganic phospha;tes are uidicated as pN, Np^ pNp, and 
pi, respectively- HoUow circles indicate UV-absorbing spots from non-radioactive earner 

25 nucleotides. The 3', 5' bisphosphates were identified by co-migration with radiolabeled 
standards prepared by 5'-phosphorylation of nucleoside 3'-monophosphates with T4 
polynucleotide kinase and7<^^P -ATP. 

FIG. 5A depicts a control 52 bp dsRNA and synthetic 21 and 22 nt dsRNAs- The 
sequ^ces of the siRNAs were d^ved from the cloned fragm^ts of 52 and 1 1 1 bp dsRNAs 

30 (FIG, 4AX except for the 22 nt antisenae strand of duplex 5. The siRNAs in duplexes 6 and 7 
were unique to the 1 1 1 bp dsRNA pirocessing reaction. Both strands of the control 52 bp 
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dsRKA were prq>ared by in vitro tcanscription and a fraction of transcripts may contain 
untemplated 3' nucleotide addition. The target RNA cleavage sites directed by the siRNA 
duplexes are indicated by ciicle^ (see legend to FIG. 4A) and were detennined as described 
inFiaSB. 

FIG. 5B is a gel sbjowing Uie position of cleavage sites on the sense and antisense 
target BNAs. The target RNA spqueaccs areas described in FIG. 3B. A control 52 bp 
dsRNA (10 iM), or 21 and 22 nt KNA duplexes 1-7 (100 uM) (see FIG. 5A) were incubated 
with target RNA for 2.5 h at 25-C m Drosophlia lysate. TTie stable 5' cleavage products were 
resolved on the geL The cleavage sites are indicated in FIG. 5 A, The region targeted by the 
52 bp dsRKA or the sense (s) or. antisense (as) strands are indicated by the vertical bars on 
the right and left side of the geL The cleavage sites are all located within fee region of 
identity of the dsRNAs. 

FIG. 6A is a representation of 52 bp dslRNA constructs. The overhang regions are 3' 
extensions of Uie sense and antisense strands. The observed cleavage sites on the target 
KNAs aie i^esented as circles ' as m HG. 4 A and were determined as shown ui FIG. 6B . 

FIG, ffi is a gel showing iiie position of the cleavage sites on the sense and antisense 
target RNAs- The target RNA seqa«ices are as described in FIG. 3B. DsRNA (lOnM) was 
incubated with target RNA for 2.5 h at 25"*C in Drosophila lysate. The stable 5' cleavage 
products were resolved on the geL The niajor cleavage sites are indicated wife a horizontal 
arrow and are also represented in FIG.6A. The region targeted by &e 52 bp dsRNA is 
rqpreaented as a vertical bar on either side of the gel. 

FIG. 7 is a model for RNAi. According to this model, RNAi begins with processing 
of dsRNA to predominantly 21 and 22 nt short interfering RNAs (sflKNAs), SbOTt 
overiianging 3* nucleotides associate wiHi the dsRNA and jfecilitate processing of the short 
dsRNAs. The dsRNA-processing proteEos, temma. to be characterized, are represented 
as ovals, and are shown assembled on the dsRNA in asymmetric fashion. For example, one 
protem or protein domain may always associate with the siRNA strand in the 3' to 5' 
direction, or on the antisense strand while another protein may always associate with the 
opposing, or sense, siRNA stranjl These protems or a subset of Hie piotsans may remam 
associated with the siRNA dupl«?x and preserve its orientation as detertnined by the direction 
Of the dsRNA processing reaction. Only the siRNA sequence assodated with the one 



25 



wo 03/099298 PCT/EP03/05513 

partiGular protein maybe able to guide target KNA cleavage. The eodonuclease complex is 
referred to as stoall mterfenisg dbonucXeoprotdii coir^lex, or siBNP. It is presumed here 
that the endonucleage that gleaves the dsKKA may also cleave the target RNA, probably by 
temporarily displacmg the passive si]W>5A strand, which is not used for target recognitioti. 

5 The target SKA can. then be cleaved in the center of the re^on recognized by the sequence- 
complementary guide siRNA. 

KCG. S A is a representation of the firefly (Pp-luc) and sea pansy (Rr-luc) luciferase 
reporter gene regions from plasmids pGI^-Contcol^ pGL3-Control and pRL-TK (Promega), 
SV40 regulatory elem®ats> the HSV thymidxae kinase promoter and the two introns (lines) 

10 ate indicated. The sequence of GL3 ludif^ase is 95% id^dcal to GL2, but RL is completely 
unrelated to both. Luciferase expresdon from pCxL2 is z^jprox. 10-fold low^ than ftom 
pGL3 in transfected mammalian cells. The region targeted by the siKNA duplexes is 
indicated as a black bar below the codmg region of the luciferase genes. 

FIG« 8B illustrates the sequences of the sense (top) and antisense (bottom) strands of 

15 the SiRNA dqjlexes targeting GL2, GL3 and RL luciferase l^NAfi. The Q12. and GL3 

siSNA duplexes differ by only 3 single nucleotide sobstitutions (boxed). As an unspeclSc 
control, a diqjlex with the inverted *GL2 sequence, invGL2, was synthesized. The 2 nt 3' 
overhang of 2'-deoxythymidine is indicated as TT; ijGL2 is similar to GL2 siRNA but 
coiotams ribo-nridine 3' ovechangs. 

20 FIG. 9 is a collage of graphs indicating ratios of targ^ control luciferase nonnalized 

to abnfEar control (hu); gray bars mdicate ratios oiPkoHnus pyralis (Pp-luc) GL2 or GL3 
luciferase to Renilta reniformis (Rr-luc) RL luciferase 0eft axis), white bars indicate RL to 
GL2 or GL3 ratios (right axis). Panels a^ c^ e» g^, and i describe experiments peifonned with 
the combination of pGL2-Control kod pRL-TKl reporter plasmids, and panels b, d, £ h and j 

25 describe sKperimentsperibrmed with pQL3-Gon£rol and plU:^T^ The cell 

line used for the interference experiment is indicated at the top of each plot. The ratios of 
Pp-luc/Rr-Iuc for the buffer control (bu) varied between 0.5 and 10 for pGL2/pRL and 
between 0.03 and 1 for pGL3/pRLj respectively, before norraaiizalion and between the 
various cell lines tested. The plotted data were aveara^ from three independent experiments 

30 SJ>. . 
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BIG, 10 is a csoUage of gjaphs illustraiing the lengths of long dsRKAs (x axis). 
Panels a, c and e describe expedinenfcs perfonxied with pGI^-Oontrol and pRL-TK reporter 
plasimds, paaels b, d and f with pGL3-Cotttrol and pRL-TK reporter plasmids. The data 
were averaged from two independent experiments S.I>. (a), (b) Absolute Pp4uc expression, 
plotted in axbitraiy Imninesceace units* (c), (d) jRx-lnc expression, plotted in arbitrary 
lunmiescence units, (e), (f) Ratios of normalized target to control lucifaasc. Tlie ratios of 
hicifeiase activity for siRNA dupleses were noiroaHzed to a bnfifer control (bu). The 
luminescence ratios for 50 or 500 bp dsRNAs weie normalized to the respective ratios 
observed for 50 and 500 bp dsRNA from humanized GFP (hG). The overall diifereaces in 
sequences between the 49 aad 4S4 bp dsRNAs targeting GI^ and GL3 were not sufficient to 
confer specificity between GL2 and GL3 targets (43 nt oninterrupted identity in 49 bp 
segment, 239 nt longest uninterrupted identity in 484 bp segment). 

mo, 11 A is an outline of the experimental strategy. The capped andpolyadenylated 
sense target mRHA is depicted and the relative positions of sense and antisense siRNAs are 
shown. Eight series of diqplexea, according to the edgjht diffiaxsnt antisense strands wore 
prepared. 1l»siRNAsequfifflcesandthemimberofovei±Bngingn^^ 
in l-nt steps. 

FIG. IIB is a graph illustrating the normalized relative luminescence of target 
luciferase (Pkotinus pyralzs, Pp^uc) to control lucifesase (JR^la renifotmis, Rr-lnc) in D, 
melanogaster embryo lysate in the presence of 5 nM bhmt-ended dsRNAs. The 
luminescence ratios deimoined in the presence of dsRlsTA were normalized to the ratio 
obtained for a buffer control (bu), Nonn^ed ratios less than 1 indicate specific 
interf^ence. 

EIG- lie (c-j) is a collage of graphs illustrating the normalized interfeoice ratios for 
ei^ series of 21-nt siRNA dtq>lexes. The sequences of siRNA duplexes are depicted above 
the bar gr^hs. Each panel shouvs the interference ratio for a set of duplexes formed with a 
given antisense guide siRNA and 5 iifterent sense siRNAs. The numbo: of overhanging 
nucleotides (3' overhang, positive m mibers; 5 'overhangs, negative numbers) is indicated on 
the X-axis. Data points were averagled from at least 3 indi^endent wqioimcntB, error bars 
represent standard deviaUcms. 
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FIG, 12 is a diagram illust(atu ig an experiinent> and liaiee graphs illustrating the 
results. Three 2 l-nt atdisense strands i vere paired -with eight sense si^HAs. The slRNAs 
were changed in length at their 3' ead. The 3* overhang of the antisense siENA was 1-nt (B), 
2-nt (C), or 3-nt (D) while the sense si EUSfA overhang was varied for each series. The 

5 sequences of the siKMA duplexes and Ifae coiresponding interference ratios are indicated. 

FICL 13 is a diagram ilhzstcath ig an exptsnmsni, and three graphs illustrating the 
results. The 21-iit siRNA diqilex is identical in sequence to the one shown in FIG. 1 IH or 
12C. The siKNA duplexes were extei ded to the 3* side of the sense siRNA <B) or the 5' side 
of the sense siRNA (C). The siKNA d iplex sequences and the respective interference ratios 

10 arc indicated. 

FIG, 14 is a gr^h of luminesc «Qce ratios. The 2'-h3rdroxyl groups (0!H[) in the 
strands of siRNA duplexes were replaced by 2' deoxy (d) or 2 -O-methyl (Me). 2-nt and 4-nt 
2 -deoxysubstitutions at the 3 -ends are indicated as 2-nt d and 4-nt d, respectively. Uridine 
residues were replaced by 2'-deoxy thymidine. 

15 EIG. ISA is a diagram of ^^P ( asterisk) cap-labeled sense and antisaase target KNAs 

and sxEOsTA duplexes. The positions o F sense and antisense target BKA cleavage is indicated 
by triangles over and below the sillNA duplexes;, respectively. 

FJG. 15B is a pair of gels indicating target KNA cleavage sites. Afi:er 2 h incubation 
of 1 0 jM target with 100 nM siRNA duplex in D. meUmogaster embryo lysate, the 5' cap- 

20 labeled substrate and the 5' cleavage products were resolved on sequencing gals. ILength 
markers were generated by partial -RNase Tl digestion (Tl) and partial alkaline hydrolysis 
(OH-) of tlie target RNAs- The bold lines to the left of the images indicate the region 
covered by the siRNA strands 1 and 5 of the same orientation as ti^e target. 

FIG. 16 is a dia^rammatio representatian of the expedient (A» B) and a colla^ of 

25 gels showing ^e results (C,DX The aatis^ise siRNA was the same leogth in all siRNA 

duplKces, but the sense strand was varied between 18 to 25 nt by changing the 3' end (A) or 
18 to 23 nt by changing the 5* end (B). The position of sense and antisense target RNA 
cleavage is indicated by triangles over and below the siRNA duplexes* respectively. 
Aaalysis of target RNA cleavage was perfbrmed by using cap-labeled sense (C> D: top panel) 

30 or antisense (C» D: bottom panel) target RNAs. Only the cap-lab^ed 5' cleavage products 
are shown. The sequences of the siRNA duplexes are indicated, and the length of the sense 
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siRNA Strands is maiked on over file gels. Tlieconlrol lane, marked witii a dash in panel 
(C), shows target RNA incubated in. the absence ofsaBNAs. Markers wesre as described in 
FIG. 1 5. The arrows in (D), bottom panel, incficate the target RNA cleavagp sites that 
differed by 1 nt. 

5IG. 17 is a graph illustrating luminescence ratios when the 2-nt 3'overhang (HtSI) 
was changed in sequence and conqiosition as indicated (T, 2'-d©oxythymid2nei dG, 
2*deQxygaanosine; asterisk, wild-type sxRNA duplex). Noimalized interference ratios were 
deteonined as doscdbed in FIG- 1 1, The wild-l:ype sequence is the same as depicted in 
FIG- 14. 

FIG, IB is a graph illustraifng luminescence ratios resulting firom experiments with 
mismatched siJSNA duplexes. The sequences of the mistnaiched siRNA duplexes are shown 
above the grsph; modified sequence segments or singjc nucleotides are shaded. The 
reference duplex (ref) and the siRNA duplexes 1 to 7 contain 2'-deoxylhymidiTie 2>-nt 
overhangs. The silencing efficiency of the thyraidine-modifled reference duplex was 
corapaiable to the wild-type sequence (FIG. 17). Normalized interSbreojce ratios were 
determined as described in FIG. 1 1. 

FIG» 19 is a collage of gn5)hs illustrating luminescence ratios when siKNA duplexes 
were extended to the 3' side of the;sense siRNA (A) or the 5' side of the sense siRNA (B). 
The slRNA duplex sequences andithe regjective interference ratios are indicated. For Hel^ 
SS6 ccOs, siRNA dnpletxes (0.84 /ig) taig^g GL2 lucifcrasc were transfcctcd togedior with 
pGL2'Control and pRL-TKlplasmfids. For comparison^ the in vitro KMAi activities of siRKA 
duplexes tested in D. meltmogfsster lysate are indicated. 

DETAILKD DESCRIPTION 

The inv^tion relates to sequence and stmctoral ifeatures of double stranded (ds)RNA 
molecules required to miediate taiget-speci£ic naclsic adui modifications such as SNA- 
interference and/or DNA methyla^on. Novel dsRNA agents and methods capable of 
mediating target-specific RKA interference (RNAi) or other target-specific nucleic acid 
modifications, such as DNAmethyiation, are provided, and these agents and methods have 
improved efficacy and safety compared to prior art agents and methods. 



29 



wo 03/099298 



PCT/EP03/05513 



The inventiozi provides aa isolated double straaded KNA moleciile, wherein each 
RNA straad has a length fcom 19-25» particularly :from 19-23 nucleotides, wherein said SNA 
molecule is capable of mediating target-specific nucleic acid modificatioiis, particxilarly RNA 
interference and/car DNA methylation. Preferably at least one strand has a 3 -overhang from 
1-5 nuoleotides, more preferal>ly;fixim 1-3 uiicleotides and most preferably 2 nucleotides. The 
other strand may be bhuat-ended or has up to 6 nucleotides overhang. Also, if both strands 
of the dsitNA are exactly 21 or 22 nt^ it is possible to observe some RNA interference when 
both ends are blunt (0 nt overhang). The iElNA molecule is preferably a synthetic RNA 
molecule that is substantially free from contaminants occfurring in cell extracts, e.g,^ from 
DrosopMla embryos. Further, the KNA molecule is can be substantialiy free from any non- 
target-specifrc contamiitaiits, paiticulatiynoR-tacset-specifrc RNA molecules, e.g*t from 
contaminants occurring in cell extracts. 

The invention also rclateis to the use of isolated double stranded RNA molecules, 
wherein each RNA strand has alen^ from 19-25 nucleotides^ for mediating target specific 
nucleic add modiflcatioz^, partilculaTly RKAi, in mammalian cells> particularly in. human 
cells. 

It was found that synthetic short double stranded RNA molecules particularly with 
overhanging 3' ends are sequence-specific mediators of RNAi and mediate efEcient target- 
RNA cleavage^ wherein the clea:vage site is located near the center of the region spanned by 
the guiding shoort RNA. 

Each strand of die RNA molecule preferably has a length from 20-22 nucleotides (or 
20-25 nucleotides in mammalian cells), wherein the length of each strand may be the same or 
different. The length of the B'-overhang preferably reaches from 1-3 nucleotides, whereia the 
length of the oveihang may be the same or different for each strand. The RNA-strands 
preferably have 3 -hydioxyl grotq>s. The 5'-temmms preferably comprises a phosphate^, 
diphosphate, triphosphate or hydroxyl group. The most effective dsRNAs are composed of 
two 21 nt strands which are paired such that 1-3, particularly 2 nt 3' overhangs are present on 
both ends of the dsRNA. 

The target RNA cleavage reaction guided by siRNAs is M^y sequence-specific. 
However, not all positions of an siRNA contribute equally to targeft recognition. Mismatches 
in the center of the siRNA duplex are most critical and css^itially abolish target RNA 
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Cleavage. In contrast, the 3' nucleotide of the siRKA strand (e.^., position 21) that is 
oompleraeaataiy to the singlfe-Stfaiided target UNA, does not contribute to specijRcity of the 
target recognition. Further, the sequence of the impaired 2-nt 3 ' overhang of siRNA the 
strand with the same polarity as ^he target RNA is not critical for target RNA cleavage as 
5 only the antisense siRNA strand Jguides target recognition. Thus, from the single-stranded 
ovedianging nucleotides only the peaultuxiQte position of die antisense siRKA ie.g.y position 
20) needs to match the targotod seose mRKA 

The double stranded RNA molecules of the present invention exhibit a high in vrvo 
stability in serum or in growth niedium for cell cultures. In order to further enhance the 

10 stability, the 3 -overhangs may be stabilized against degrada:don, e.g.^ fliey may be selected 
such Uiat they consist of purine nucleotides, particularly adenosine or guanosine nucleotides. 
Alternatively^ substitution of pynmidine nucleotides by modified analogues, e.g., substitution 
of tuidine 2 nt 3' overhangs by 2-deoxythyDaidine is tolerated and does not affect ^e 
efficiency of RNA interference. The absence of a 2' hydroxyl significantly enhances the 

1 5 nuclease resistance of Uie overbang in tissue culture medium. 

The RNA molecule of the invention preferably contains at least one modified 
nucleotide analogue. The nucleotide analogues may be located at positions where the target- 
specific activity, eg'-, the RKAi mediating activity is not substantially effected, e.g-y in a 
region at the 5 -end and/or the 3 '-end of the double stranded RNA molecule. Particularly, 

20 tbe overhangs may be stabiH2;ed by incorporating modified nucleotide analogues. 

Preferred nucleotide analogues are selected £rom sugar- orbackbone-modifiled 
ribonucleotides- It should be noted, however, that also nucleobase-modified ribonucleotides, 
ue., ribonucleotides, containing a non-naturally occuning mideobase instead of a naturally 
occurring nucleobasej such as uridines or cytidines modified at the 5-posjtion, 5«-(2' 

25 amino)propyl uridine, 5-bromo utidine; adenoscaes and goanosines modified at the 8- 
positi<Mu e.g., 8-bromo guanosine; deaza nucleotides, eg-.^ T-deazaadenosine; 0-andN- 
alkylated nucleotides, e.g,, N6-rnethyl adenosine are suitable. In preferred sugar-modified 
ribonucleotides, the 2' OH-group can be replaced by a grot^j selected from OR, Rbalo, 
SH, SR, NH2, NHR, NR2 or CN, wh^ein R is C1-C6 alkyl, alkenyl or alkynyl and halo is F, 

3D CI, Br or I. 
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M preferred backbone-modified ribonucleotides, the pho^lioester group cojonecting 
to adjacesit nboiiuoleotides i$ r^aced by a modified group, e.g.j a phosphothioate gror^. £t 
should be noted that the above rnodificatioiis may be combined. 

The sequesnce of the double stranded KNA molecule of the present inventdon has to 
have a suMdent identity to a nucleic acid target molecule in order to mediate target-specific 
EKAi aad/or DNA methylation. Preferably, the sequence has an identity of at least 50%, 
particularly of at least 70% to ttie desired target molecule in the double stranded pordon of 
the RNA raolecule. More preferiably, the identity is at least S5% and most preferably 100% 
in the double stranded portion of the RNA molecule. The identity of a double stranded RNA 
molecule to a prcdetennined nuqleic acid target molecsule, e,^., an mRNA target molecule, 
ttmy be detenidned as JSiUows: 

I=(zi/L) X 100 

wherein I is tbe identity in perceht, n is the number of identical nucleotides in the double 
stranded portion of the ds RNA and the target, and L is the length of the sequence overlap of 
the double stranded portion of the dsBtNA and the target 

Alternatively, the ideoatity of the double stranded RNA molecule to the targe* 
sequence may be defined including the 3 ' overhang, particularly an overhang having a length 
from 1-3 nucleotides. 3n this case the sequence identity is preferably at least 50%> more 
preferably at least 70% and most preferably at least 85% to the target sequence. For 
example the nucleotides firom the 3 ' overhang and up to 2 nucleotides from the 5' and/or 3* 
tecminxis of the double strand may be modified wifiiout significant loss of activity. 

The double stranded RNA molecule of the inv€dition may be prepared by a melhod 
that includes the following steps: 

(a) synthesizing two RNA strands each, having a length from 19-25, e,g.^ firom 19-23 
nucleotides, ivherein said RNA strands are capable of ibnning a double stranded RNA 
molecule, wherein preferably at least one strand lias a 3 -overhang from 1-5 nucleotides; and 

(b) combining the synthesized RNA strands under conditions^ where a double 
stranded RNA molecnle is fonned^ which is capable of mediating target-specific nucleic acid 
modifications, particularly RNA interference and/or DNAmelhylatittn. 
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Methods of synthesizing KKA molecules are known in the art Isx ilris context, it is 
particularly reltoed to chemical synthesis m^fhods as described in Vetma and. Eckstein 
(1998). 

The smgle-stranded RNAs can also be prepared by cajzymatic banscription &om 
synttietic DNA texnpl^es or fix»m DNA plasndds isolated fiom recombinant bacted^ 
Typically, phage RNA polymerases are used such as T7, T3 or SP6 RNA polymerase 
(Milligan andtlhlenbeck, 19S9),. 

Another aspect of the present invention relates to a method of mediating target- 
specific nucleic acid modifications, particularly RNA interference and/or DNA methyiation 
in a ce^ or an organism. The melhod in can include liie foUovving steps: 

(a) contacting Hie cell or oiganism ivtdi the double stranded BNA molecule of the 
invention under conditions wherein target-specific nucleic acid modifications can occur; and 

(b) mediating a target-specific nucleic acid raodificatioai effected by the double 
stranded RNA towards a target ntcleic acid having a sequence portion substantiaUy 
corresponding to the double strai^ded RNA. 

The contacting step preferably includes (a) introducing the double stranded RNA 
TOolecTile into a target cell> e.g., an isolated target cell^ in cell culture, a unicellular 
microorganism or a target cell or a plurality of target cells within a multicellular organism. 
More preferably^ the introducing ^ep comprises a carrier-mediated delivery, e.g,, by 
liposomal cazrim or by injection^ 

The method of the invention may be used for determining the function of a gene in a 
cell or an organism (or for modulating the fiinctiott of a gene in a cell or an organism) 
capable of mediating liNA interferaace. The cell can be a eukaryotic cell or a cell line, e.g,, 
a plant cell or an animal cell, such as a mammalian cell> e.g,f an embryonic cell, a pluripot^t 
stem cell, a tumor cell, e,g., a teraCocarcinoma cell or a vinis-infected celL The organism is 
preferably a eukaryotic oiganism; e.g,, a plant or an animal^ sacb. as a mammal, pardcularly a 
human. 

The target gene to which the RNA molecule of the invention is directed can be 
associated with a pathological condition. For example^ the gene maybe a patihog^ 
associated gene, e.g., a vkal gene, a tumor-^tssociated g^e or an autoimmune disease- 
associated g^e. The target gene may also be a heterologous gene e^cpressed in a 
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recombinant cell or a genetically alteared organism. By modulating, particularly, inliibitmg 
the function of such a gene, valuable information and therapeutic benefits in the agricultural 
field, or in the naedicine or veta^nary medicine field, may be obtained. 

The dsRKA is nsuaHy adixxinisteared as a phannaceutical composition. The 
administration may be carried out by known mefeoda, wherein a nticleic acid is introduced 
iiitp a desired target ceU IB Wir<? or /«vm>. Coinmonly used gene transfer techniqiiesii^ 
calcium phosphatej DEAE-dextran, electropoiation, microinjection and viral methods 
(Graham, F. L. and van der Eb, A- J- (1973) ViroL 52, 456; McCutchan, J. H. and Pagano, J. 
S. (1968), J. Natl. Cancer Inst. 41, 351; Chu, G. et al (1987), NncL Acids Res. 15, 131 1; 
Fraley, R. et al. (1980), h BioL Caicm. 255, 10431; C^ecdii, MJL (19S0), CeU 22, 479). A 
recent addition to this arsenal of techniques for the introduction of DNA into cells is the use 
of cationic liposomes (Feigner, P. L. et al. (19S7), Proc- Natl. Acad. Sci USA 84, 7413). 
Commercially available cationic lipid foimulafcions are, e,g.^ Tfx 50 CFtomega)or 
Lipofectamin2000 (Life Technolbgies). Thus, the invention also relates to a pharmaceutical 
compo5itio& containing as an active agent at least one dotible stranded RNA molecule as 
described above and a phannaceutical cairier. The composition may be used for diagnostic 
and for therapeutic applications in human medicine or in veterinary medicine. 

For diagnostic or therapeutic applLcadons, the composition may be in the form of a 
solution, ag,, an injectable solution^ a cream, ointment, tablet, suspoosion or the like. The 
composition maybe administered in any suitable way, e.g., by iigection, by oral, topical, 
nasal, rectal application, etc. The carrier may be any suitable phannaceutical cacrien 

Preferably, a canier is used, which is capable of increasing the efficacy of the RNA 
molecules to enter the target-cells. Suitable exanrples of such carriers are liposomes, 
particularly cadonic liposomes. A ftirfl^a: preferred admimstrBiion method is injection. 

The RNAi method described herein can also be used for the functional analysis of 
eukaiyotic cells, or eukaryotic non-human organisms, preferably mammalian cells or 
organisms and most preferably hmnan cells, e.g.^ cell lines such as HeLa or 293 oriodents, 
e.g., rats and mice. By transfection wife suitable double stranded RNA molecules 'w^ch are 
homologous to apredet^mined target gene or DNA molecules encoding a suitable double 
stranded RNA molecule a specific knockout phenotype can be obtained in a target cell, e.g.^ 
in cell culture or in a target orgax^sm. Surprisingly it was found that the presence of short 
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double stranded KNA molecules do tiot r^ult in an interferon response fixim the liost cell or 
liost organisni, 

Tkus, a further subject matter of the invention, is a eukaryctic cell or a ©ukaiyotic non- 
himian organism exhibiting a target gene-speoific knockout pheaotype comprising an at least 
partially deficient e3q>ressi(Mi of at least one CTidogeneons target wiierein said cell or 
oi^aniscn is transfected with at least one double stranded RNA molecule capable of inhibiting 
the expression of at least one endogenous target gene or with a DNA encoding at least one 
double stranded KNA molecule capable of inhibiting tiie expression of at least one 
endogeneous target gene. It should be noted that the present invention allows a target- 
specific knockont of several diffegcont endogeneous genes due to the speciJacity of RNAi. 

Gene-specific knockout phenotypes of cells or non-human organisms, particularly of 
human cells or non-human mammals may be used in analytic procedures, e.g,^ in the 
functional and/or phenotypical analysis of complex physiological processes such as analysis 
of gene expression profiles and/or proteomes. For cicample, ox^ may prepare the fcnocfc-ont 
phenotypes of human genes in cultured cells which are assumed to be regulators of 
alteamative splicing processes. Among these genes are particnlarly the members of the 5R 
splicing factor family, e.g., ASF/SK, SC35, SRp20, SRp40 or S'Rp55. Further, the effect of 
SR proteins on the mRNA profiles of predetermined alternatively spliced genes such as 
CD44 maybe analyzed. PreferatAy the analysis is carried out by high-througl^ut methods 
using oligonucleotide based clups. 

Using RNAi-based knockout technologies, the expression of an endogeneous target 
gene may be inhibited in a target cell or a target organism. The endogeneous gene maybe 
complemented by an eKOgeneous target nucleic acid coding for the target piotdn or a variant 
or mutated form of the target prolfein, e.g,, a gene or cDNA, a which may optionally be fused 
to a further nucleic acid sequooce ^coding a detectable peptide or polypeptide, e.g,^ an 
sf^mty tag, particularly a multiple ajHznity tag. Variants or mutated forms of the target gene 
differ from the endogeneous target gene in that they encode a gene product which differs 
from the endogeneous gene product on the amino acid level by substitations, insertions 
and/or deletions of single or multiple amina acids- The variants or mutated fcrms may have 
the same biological activity as the eadogeneous taiget gene. On the other hand, variant or 
mutated target gene may also have a biological activity, which diffans from the biological 
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acti'vily of the ^dogeueous target gene, e.g., a partmLly deleted activity, a completely deleted 
activity, an enhanced activity, etc. 

The complementation may be accomplished by coexpiessing the polypeptide encoded 
by the exogeneous nucleic acid, e.g,, a fusion protein comprising the target protein and the 
5 afGouty tag and the double stiranded RNA molecule ^ kaof±iQg out the endogmeous gone in 
the target cell. This coeaqpressiQiimay be accomplished by using a suitable eacpression vector 
expressing both the polypeptide encoded by the exogeneous nucleic acid, e,g,^ the tag- 
modified target protein and the double stranded RNA molecule or alternatively by using a 
combination of expression vectqrs. Proteins and protein complexes which arc synthesized de 

1 0 novo in the target cell Tnall cont^ the exogeneous gene product, e.g., the modified fusion 
protein. In order to avoid suppression of the cKogoieous g^e product e?qciression by the 
KKAi duplex molecule^ the nucleotide sequence encoding the exogeneous nucleic acid may 
be altered, on the DNA level (with or without causing mutations on the amino acid level) in 
the part of tiic sequeuce which is homologous to the double stranded 38jWA molecule. 

1 5 Alternatively, the endogeneous target goae may be complemented by corresponding 
nucleotide sequences from other species, e.^., fiom mouse. 

Preferred applications for the cell or organism of the invention is the analysis of gene 
expression pix5files and/or proteomes. In an especially preferred embodiment, an analysis of 
a variant or mutant form of one br several target protons is carried out^ wherdn said variant 

20 or mutant forms are retntEodnced into the cell or organism by an ^ogeneous target nucldc 
acid as descaibcd above. The combination of knockout of an eudogeneous gene and rescue 
by ustog mutated, e.g.^ partially deleted exogeneous target has advantages compared to the 
use of a knockout cell. Further^ this method is particularly suitable for identiftdng functional 
domains of the target protein. la a fUnher prefened embodiment a comparison, e,g,^ of gexte 

25 expression profiles and/or proteomes and/or phenotypio characteristics of at least two cells or 
organisms is carried out. These orgardsms are selected fbom: 

(i) a control cell or contrS>l organism without target gene inhibition, 

(ii) a cell or organism with target gene inhibition, and 

(iii) a cell or otrganism with targ^ gene inhibition plus target gene complemontation 
30 by an exog«ieous target nucleic acid. 
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The method and cells of Hie inv^tion are also suitable in a procedure for identiftliig 
and/or oharactenzing phaiuiajcological agents, e.g^ identifying new pharmacological agents 
from a collection of test substances and/or charac^edzing medhdnisms of action and/or side 
ejBfects of known phannacological . agents. 

Thns^ the present inventicm also relates to a system fcxr identifying and/or 
charactedzing phannacological ag^snfs acting on at least one target protein comprising: 

(a) a euikaryotic cell or a enkaryotic Bon-htiman organism enable of eKpressing at 
least one endogeneotis target gene. coding for said taiget protekL, 

(b) at least one double stranded RNA molecule capable of inhibiting the ejcpression of 
said at least one endogeneons target gene, and 

(c) a test substance or a collection of test substances wherein phannacological 
properties of said test substance or said collection are to be identified and/or characterized. 

Further, the system as desckibed above preferably comprises: 

(d) at least one exogeneous target nucleic acid coding fijr the target protein or a 
vatiaict or mutated form of the target protdn whesrein said exogeneous target nucl^c acid 
difte from the endogeneous target gene on the rmcleic acid level such that ibjs expression of 
the exogeneous target nucleic acid is substantially less inhibited by Ihe donble stranded KNA 
molecule than the expression of the endogetxeous target gene. 

Furthermore, the KNA knoclcottt complementation method may be used for 
preparative purposes^ e.g,^ for the affinity purification of proteans or protmi complexes fiom 
eokaryotic cells, particuLarly maminalian cells and more particulady human cells. In this 
embodiment of the inventioii, the exogeneous target nucleic acid prefiarably codes for a target 
ptotem which is fused to an afglmly tag. 

The preparative method may be employed jfor the puriticatioa of high molecular 
wei^t protein complexes which ^feiably have a mass of 150 kD and more preferably of 
500 kD and which optionally may contain nucleic acids such as KHA Specijgc examples are 
the heterotrimeric protein complex consisting of the 20 kD, 60 kD and 90 kD proteins of the 
U4/U6 snRKP particle, the splicing factor SF3b from the 17S U2 snRKP consisting of 5 
proteins having molecular weights of 14, 4%120^145 and 155 kD and the 25S U4/U6/U5 tri- 
snRNP particle containing the U4, U5 and U6 snR>IA molecules aud about 30 proteins^ 
which has a molecular weight of about 1 .7 MD. 
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This mefthod is suitable for fimctional pmteome dialysis in mammalian cells, 
particularly innnaii cells. 

The invention is further illustrated by the following examples, which shoiild not be 
construed as fart2ier limiting. The contents of all references, peading patent applications and 
5 published pat^ts, cited throughout this ^^licatton are hereby expressly incooporated by 
reference. 

EXAMPLES 

Exaknplel. lU^A Inte^erence Mediated by SmaB Synthetic RNAs 
10 1.1, Experimental Procediire& 

1-1.1. In vitro J^Ai 

In vitro RKAi and lysate preparadons were performed as described previously 
(Tuscbl et aL^ 1 999; Zamore et aL, 2000). It is critical to use fireshly dissolved creatine 
kinase (Roche) for optimal ATP regeaeralion. The KNAi translation assays (Fig. 1) were 
15 parfonned with dsRNA concecttraiioiifl of 5 nM and aai exteiadedpie-inciibation period of 15 
roin at 25°C prior to the addition of in vitro transcribed, capped and polyadeuylated Pp-luc 
and Rr-luc reporter xoRNAs. The; incubation was contmued for 1 h and the relative amount 
of Pp-luc and Rr-Iuc protein was analyzed using the dual luciferase assay (Promega) and a 
Monolig^t 301 OC lominomet^^ ^^larMiingea). 

20 

1.1.2. RNA Synthesis. 

Standard procedures were used for in vitro transcription of RNA firom PGR templates 
canying T7 or SP6 promoter sequences, see for example (Tuschl et al,, 1998). Synthetic 
KNA was prepared udng Expedite RNAphosphoramMte5(P^ The 3* adapter 

25 oligonucleotide was synthesized using dimethoxytdtyl-l,4-be£izeaedimeliiaxiol-succmyl 
aminopropyl-CPG. The oHgoriboHudeotides were deprotected in 3 ml of 32% 
ammoma/ethanol (3/1) for 4 h SS^C at (Expedite RKA) or 16 h at 55**C (3' and 5' adapter 
DNA/RNA chimeric oligonucleotfiles) and &en desialylated and gel-purified as described 
previously (Tuschl et aL, 1993). RNA traoscripts for dsRNApr^)aration including long 3' 

30 overhangs were generated from PGR templates that contained a T7 promoter in sense and an 
SP6 promoter in antisense direction. The transcription template for sense and antisense target 
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HNA was PCR-ampMcd with , 

GC GTAATACGACTCACTATA GAACAATTGCTTTTACAG (imderlined, T7 promotar)as 
5' primer and ATTTAGGTGACACTATA GGCATAAAGAATTGA AGA (underlined, SP6 
promoter) as 3' primer and the linearized Pp-Iuc plasmid (PGEM-lnc sequence) (Tusclil et 
ah, 1999) as teatplate; the TT-trahscribed sense RNA was 177 nt long witJi the Pp-luc 
sequence between pos, 113-273 relative to flie start codon and followed by 17 nt of the 
complement of the SP6 promoter sequence at the 3' end. Transcripts for blimt-ended dsRKA 
formation were prepared by transcription from two different PCR products which only 
contained a smgle promoter segu^ce. 

DsKMA annealing was carried out nsmg a ph^ol/chlorofonn extraotioiir Equimolar 
concentration of sense and antisdise RNA (50 nM to 10 ^M, depending on the length and 
amount available) in 0.3 M NaOAc (pH 6) were incubated for 30 s at 90°C and then 
extracted at room temperature with an equal volume of phenol/chloroform, and followed by a 
chlorofonn extraction to remove residual pheooL The resulting dsRNA was precipitated by 
addition of 2.5-3 volmnes of eltooL The peOet was dissolved in lysis buffer (100 mM Kcl, 
30 mM HEPES-KOH^ pH 7.4, 2 mM Mg(OAc)2) and the quality of the dsRNA was verified 
by standard agarose gel electrophoreses in 1 x TAE-buffer. The 52 bp dsRKAs with the 1 7 
nt and 20 nt 3* overhangs (FIG. 6) were annealed by Lncubaiing for 1 min at 95"C, then 
rapidly cooled to 70*^0 and followed by slow cooling to room temperature over a 3 h period 
(50 ii\ annealing reaction. 1 ijM siirand conceiDtration, 300 mM NaCl, 10 mM Tiis-HCl, pH 
7.5). The dsRNAs were then ph^ol/ohlorofoim extracted, efhanol-^predpitated and 
dissolved in lysis buffer. 

Transcription of mtjanally ^ -radiolabeled RNA used for dsKNA preparation (FXGs. 
2 and 4) was performed using 1 tcM ATP, CTP, GTP, 0.1 or 0.2 mM OTP, and 0.2-0.3 jtiM 
SSP-UTP (3000 Ci/rmuol), or the respective ratio fcHr radiolabeled micleosid© triphosphates 
other, than UTP. Labeling of the cap of the target RNAs was performed as described 
previously. The target RNAs were gel-pnrified after cap-labeiing. 

1.13. Cleavage Site Mapping 

Standard RNAi reactions were performed by pre-incubating 10 nM dsRKA. for 15 
min followed by addition of 10 nM cap-labeled target RNA- The reaction was stepped after 
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a ftmher 2 h (FIG. 2A) or2.5 h incubalion (FIG. 5B and 6B) by proteinase K treatnieut 
(TuschI etal,^ \999). The samples were then analyzed on 8 or 10% sequencing gels. The 21 
and 22 nt syntlietic KNA duplexes were used at 1 00 uM fmal cpjacentradon QFig. 5B). 

1.1 A Cloning of -21 nt I^As 

The 21 ist RNAs were pFodaced by incubation of radiolabeled dsitNA in Dto;&ophila 
lysate in absence of target RNA (2t)0 j^l reaction, 1 h incabation, 50 nM dsPll 1, or 100 nM 
dsP52 or dsP39). The reajctiion mixture was subsequently treated with proteinase K (Tusohl 
et al.y 1 999) and the dsRNA^xocessing products were separated on a deaaatuiing 15% 
polyajciylanude gel. A band, including a size range of at least 18 to 24 nt, was excised, 
eluted into 03 M NaCl overnight at 4^C and in siliconized tubes. The RNA was recovered 
by efhanol-precipitation and dephosphorylated (30 ;d reaction, 30 min, SO^C, 10 U alkaline 
phosphatase, Roche). The reaction was stopped by phenol/chloroform extraction and the 
KHA was ethanol-predpitated. The 3 ' adapter oligonucleotide (pUUUaaocgcatcottctcx: 
uppercase, RNA; lowercase, DNA; p, phosphate; x, 4-hydroxymethyIbenzyl) was then 
ligated to the dephosphorylated -2'! nt RNA (20 fi\ reaction, 30 min, 37"C, 5 3' adapter, 
50 mM Tris-HCl, pH 7.6, 10 mU MgC12, 0.2 mM ATP, 0.1 mg/ml acetylatedBSA, 15% 
DMSO, 25 U T4 RNA ligase, Aniersham-Phannacia)(Pan and Uhlenbeck, 1 992). The 
ligadon reaction was stopped by the addition of an equal volume of S M urea/50 loM EDTA 
stopnux and directly loaded on a 15% gel. ligation yields were greats than 50%. The 
ligation product was recovered fiom the gel and 5'-phosphoiylated(20 fil reaction, 30 xniu, 
37'*C, 2 roM ATP, 5 U T4 polynucleotide kinase, NEB)» The phosphoxylatiou reaction was 
stopped by phenol/chloiofbrm extraction and RNA was recovered by ethanol-precipitation. 
Next, the 5" adapter (tacfcaatacgactoactAAA; uppercase, RNA; lofwercasc, DNA) was ligated 
to the phosphoiylated ligation product as described above. The new ligation product was 
gel-purified and eluted from the gel slice in die presence of reverse transcription piimcr 
(GACTAGCTGGAATTCAAGGATGCGGTTAAA; bold, Eco Rl site) used as carrier. 
Reverse transcription (15 /tl reaction, 30 min, 42°C, 150 U Superscript H reverse 
transcriptase. Life Technologies) was followed by PGR using as 5" primer 
CAGCCAACGGAATTCATACGACTCACTAAA (bold, Eco RI site) and the 3' RT primer. 
The PGR product was purified by pheaol/chloxofoiin extr^tzon and ethaiol precipitated. 
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The PCR product was then digested vfiih Eco RI (NEB) aaid concatamenzed using T4 DNA 
ligase (Mgh cent., NEB). Concatamers of a size range of 200 to 800 bp were separated on a 
low-melt agarose gel, recovered 'from the gel by a standard melting and phenol extraction 
procedure^ and ethanol-precipitated. The impaired ends were filled in by incubation with Taq 
polymerase under standard conditicais for 15 min at 72''C and the DNA product was direcdy 
ligated into the pCR2-l-TOPO vbctor nsing the TOPO TA cloning Idt (IxivitrogBn), Colonies 
were screened using PCR and M13-20 and M13 Reverse sequencing primers. PCR products 
were directly submitted for custom sequencing (Sequ«ice Laboratories Gottingen GmbH, 
Germany). On average^ four to five 21mer seqaenoes were obtained per clone. 

1.1.5. 2D^TLC Analysis 

Nuclease PI digestion of radiolabeled, gel-purified siRNAs and2X)-TLC was carried 
out as described (Zamore et aL^ 2000). Nuclease T2 digestion was peifonned in 10 /d 
reactions for 3 h at 50°C in 10 mM ammonium acetate (pH. 4.5) using 2 ptg/^ carrier tE(NA 
and 30 U nbonuclease T2 (Life Technologies). The migzaiion of non-radioactive standards 
was determined by UV shadowing. The identity of nucleoside-3 ',5 -diphosphates was 
confirmed by co-migration of the T2 digestion products with standards prepared by 5 -^^P - 
phosphorylation of commercial nucleoside 3 -monophosphates using y-^^V -ATP and T4 
polynucleotide kinase (data not shown). 

1.2. Results and DiscusMon 

1 J J. Length Requhrements for Processing of dsKNA to 21 and 22 nt RNA 
Fragments 

Lysate prepared fiomi>. melanogaster syncytial embryos recapitulates RNAi in vitro 
providing a novel tool for biochranical analysis of the mechanism of RNAi (TusdU ei al.^ 
1999; Zamore et a/., 2000). In vitro and in vivo analysis of the length requirements of 
dsRNA for RNAi has revealed that short dsRNA (<i50 bp) are less efiectivc than louger 
dsKb^As in degrading target mRNA (Caplen etal,, 2000; Hammond et ai., 2000; Ngo et al„ 
1998; Tuschl et aL^ 1999). The reasons for reduction in mRNA degrading efEciency are not 
understood. We therefore examqied the precise length requirement of dsRNA for target 
RNA degradation under optimi2:eld conditions in the Drosophila lysate (Zamore et al^ 2000). 
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Several series of dsRNAs were synthesized and directed against firefly luciferase (Pp-luc) 
reporter RNA. The specific suppression of target liNA expression was monitored by the 
dual luciferase assay (Tuschl et aL, 1999) (FIGs. lA and IB). We detected specific 
inhibition of target SNA expression for dsKOTAs as short as 38 bp, but dsRKAs of 29 to 36 
bp were not effective in this prociess. The effect was independent of the target position and 
the degree of inhibitian of Pp-luc mRNA expressiaan correlated with the lenglh of the 
dfiRNA, Le.^ long dsRNAs were more effective than short dsIO^As, 

It has been suggested that the 21-23 nt ItNA fragments generated by processing of 
dsRNAs are the mediators of Hl^intiscfexeaace and co-suppression (Slamilton and 
Baulcombe, 1999; Hammomi ^ al,, 2000; ZanKKre et aL, 2000). We therefore analyzed the 
rate of 21-23 nt fragment fonnation fot a subset of dsRNAs ranging in size between 501 to 29 
bp. Fomiation of 21-23 nt fegments in Drosophila iysate (FIG. 2) was readily detectable for 
39 to 501 bp long dsRNAs but was significantly delayed for the 29 bp dsKNA. This 
observation is conj&istent witfi a role of 21-23 nt fragments in guiding mRNA cleavage and 
provides an explanation for the lack of KNAi by 30 bp dsRNAs. The length dep^dence of 
21-23 raer formation is hkely to reflect a biologically relevant control mechanism to prevent 
the undesired activation of RNAi by short intramolecular base-paired sfeuotures of regular 
cellular JRNAs. 

1.2.2. 39 bp dsRNA Mediates Target RNA Cleavage at a Single Site 

Addition of dsRNA and 5'-capped target RNA to the Drosophila lysate restdts in 
sequence-specific degradation of'tiiie target RNA (Tuschl et ah, 1999). The target mRNA is 
only cleaved wilMa the region of identity with the dsRKA and many of the target cleavage 
sites were separated by 21-23 nt (Zamore et aK 2000). Thus, the rumiber of cleavage sites 
for a given dsRNA was expected, to longhly correspond to the I^gdi of the dsEG>JA divided 
by 21. We mapped the target cleavage sites on a sense and an antisense target RNA which 
was 5' radiolabeled at the cap (Zamoie et al^ 2000) (FIG.s 3 A and 3B). Stable 5 'cleavage 
products w«-e separated on a sequencing gel and the position of cleavage was determined by 
co«)parison with a partial RNaseH and an alkaline hydrolysis ladder from the target RNA 

Consistent with tiae previous observation (Zamore ah, 2000), all target RNA 
cleavage sites were located within the region of identity to the dsRNA* The sense or the 
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antis^e target was only cleaved once by 39 bp dsRNA. Eadi cleavage site -was located 10 
nt from the 5'end of the region covert by tfae dsRNA (FIG, 3B). The 52 bp dsKNA, ^Msh 
shares the same 5' end wi^ the 39'bp dsRNA, produces the same cleavage site on the sense 
target, located 10 nt firom the 5' end of the region of identity with, the dsRHA> in addition to 
two we^er cleavage sites 23 and 24 nt downstream of the £ist site. The antis^e target was 
only cleaved once^ again 10 nt from the 5' end of the region covered by its respective dsRNA, 
Mapping of the cleavage sites for the 3S to 49 bp dsRNAs shown in PIG. 1 showed that the 
first and predominant cleavage site was always located 7 to 10 nt downstream of the region 
covered by the dsKNA (data not shown). This suggests that the point of target KNA 
cleavage is detmoined by the eaadjof the dsHKA and could imply that processing to 21-23 
m&s starts from the ends of the dc^lex. 

Cleavage sites on sense and antisense target for the longer 1 1 1 bp dsRNA were much 
more frequent than anticipated and most of them appear in clusters separated by 20 to 23 nt 
(FiG.s 3A and 3B). As for the shorter dsRNAs, the first cleavage site on the sense target is 
10 nt from the 5* end of the region spanned by tiic dsRNA, and the first cleavage site on the 
antisense target is located 9 nt from the 5' end of the region covered by the dsRNA. It is 
imclear what caases this disordered cleavage, but one possibility could be that longer 
dsICSTAs may not only get processed from the ends but also internally, or there are some 
specificity detexminants for dsRNA processing which we do not yet understand. Some 
irregularities to the 21-23 iJt spatgbag were also previously noted (Zamore et aL, 2000). To 
better understand the molectilar basis of d$RNA processiiig and target RNA recognition, we 
decided to analyze the sequences of the 21-23 nt fragments g«i«ated by processing of 39, 52, 
and 1 11 bp dsRNAs in the Drosophila lysate. 

1.2.3 dsRKA is Processed to 21 and 22 nt RNAs by am FNiise XH-Like 
Mechanism 

In order to characterize the 21-23 nt RNA fragnnents, we examined the 5' and 3' 
temMni of the RNA fragments. Periodate oxidation of gel-purified 21-23 nt KNAs followed 
by jff-elimination indicated the presence of a tetmmal 2' and 3' hydroxyl groups- The 21-23 
mms were also responsive to aOcalme pho^hatase treatmesit indlcatmg the presence of a 5* 
terminal phosphate gix:)Up. The presence of 5' phosphate and 3' hydroxyl tennini suggests 
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that the dsRN A could be piocesaed by an eaossyinatic activity similar to E, colt KNase M (for 
reviews, seePum, 1982; Nicholson, 1999; Robeatson, 1990; Robertson, 19S2). 

Directional cloning of 21-23 nt RNA firagments was perfonned by ligation of a 3* a3ad 
5* adapter oligonucleotide to thepiJiified 21-23 mers using T4 JRNA ligase. The ligation 
a products were reverse transcribed^ PCR-atctpMed, ccHOcatamerized, cloned, and sequenced. 
Over 220 short RN As wae sequenced frran dsRNA processing rations of the 39, 52 and 
1 11 bp dsRNAs (HG, 4A). We found the foUowing leagfh distribution: 1% 18 nt, 5% 19 nt, 
12% 20 nt, 45% 21 nt, 28% 22 nt, 6% 23 nt, aad 2% 24 nt. Sequeace analysis of the 5' 
tetxninal nucleotide of the processed finagments indicated that oligonucleotides with a 5' 

1 0 guano^ane w^e undenrepresented. This bias was most likely introduced by T4 KNA ligase 
which discrbiinates against 5' plaosphoryla^d guanosine as donor oligoniu^leotide; no 
significant sequence bias was seen at the 3* end. Many of the -21 nt ftagments derived from 
the y ends of the sense or antisense strand of the duplexes include 3' nucleotides that are 
derived fiom untemplated addition of nucleotides during RNA synthesis using T7 RNA 

15 polymerase. Interestingly, a sigmficaat number of endogenous Diosoph^ 

were also cloned, some of them fiom LTR and non-LTRretrotransposons (data not shown). 
This is consistent with a possible role for RKAi in transposon silencing. 

The -21 nt RNAs appear in clustered groups (FIG. 4A) which cover the entire 
dsRNA sequences. Appaiscitly/tbe processing r^ictionculs the dsRNAb^ 

20 3' «Qds. another dhaiacteristic of RNase m cleava^. For the 39 bp dsRNA, two clusters of 
~2IntRNAs were found from each dsRNA-conslituting strand including overhanging 3' 
ends, yet only one cleavage site .was detected on the sense and antisense target (PIG.s 3 A and 
3B), If the --21 nt fragments were present as single-stranded guide RNAs in a complex that 
mediates niRNA degradation, it could be assumed that at least two target cleavage sites exist, 

25 but this was not the case. This suggests tibat the ~2 1 m RNAs may be present in double 

stranded form in the endonuclease complex but that only one of the strands can be used for 
target RNA recognition and cleavage. The use of only one of the -21 nt strands for target 
cleavage may simply be detemmed by tiie orientation in which the -21 nt duplex is bound to 
the nuclease complex. This oricattstion is defined by the direction in which the original 

30 dsRMA was processed, 
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The -21 mesr clusters for the 52 bp and 111 bp dsRNA are less weD defined when 
ccanpared to the 39 bp dsKNA. The clusters are spread ovor regions of 25 to 30 nt most 
likely representing several distmot subpopulations of -21 nt duplexes and therefore gaiding 
target cleavage at several nearby ^ites. These cleavage regions are still predominantly 
separated by 20 to 23 nt intervals- The rules determining how regular dsRNA can be 
processed to -21 nt fragments are not yet understood, but it was previously observed that the 
approx- 21-23 nt pacing of cleavage sites could be altered by a run of uridines (Zamore et 
al., 2000). The specificity of dsENA cleavage by E. coli RNase HI appears to be mainly 
controlled by antidetemnuants, ue., excluding some specific base-pairs at given positions 
i^ative to the cleavage site (Zhang and TsScholson, 1997). 

To test wbeftier sugar-> base- or capHmodification were present in processed -21 rA 
KNTA fegmentS;. we incubated radiolabeled 505 bp Pp-luc dsRNA in lysate for 1 h, isolated 
the -21 nt products, and digested it with PI or T2 nuclease to mononucleotides. The 
nucleotide mixture was tbeo snsdyzed by 2D tihan-layiar chromatography (FIG. 4B), None of 
the four natural ribonucleotides were modified as indicated by PI or T2 digcstioin. We have 
pievicmsly analyzed adenosine to inosine conversion in the -21 nt jSragmeaits (after a 2 h 
incubation) and detected a small extent (<0,7%) deamination (Zamore et. al.> 2000); shorter 
incubation in lysate (1 h) reduced'this inosine fraction to barely detectable levels. RNase T2, 
which cleaves 3' of the phosphodiester linkage, produced nucleoside 3*-pho$phate and 
nucleoside 3', 5'-diphosphate, thereby mdicating &e presence of a 5 -temnual 
monophosphate. All four nucleoside 3*, 5 -diphosphates were d^ected and suggest that ftte 
intemucleotidic linkage was cleaved with little or no sequence-specificity. In summary, the 
'-21 nt fiagmeuts are unmodified and were generated from dsRNA such ifaat 5 - 
monopho^hates and 3*-hydtoxyls were present at the S'-end. 

1,2.4 Synthetic 21 and 22 nt BNAs Mediate Target RNA Cleavage 
Analysis of the products of dsRNA processing indicated that the -21 nt fragments are 
generated by a reaction with all the characteristics of an. RNase IH cleavage reaction (Dunn, 
19S2; Nicholson. 1999; Robertson, 1990; Robexison, 1982). KNase nr makes two staggered 
cuts in botii strands of the dsKNA leaving a 3* overhang of about 2 nt We di«nically 
synthesized 21 and 22 nt KNAs^ i'doitical in sequonce to some of the clonesd -21 nt 
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fragrax^ts, and tested them Ibr tbdr ability to mediate target KNA degradation 5A and 
5B). The 21 and 22 nt RNA duplexes were incubated at 100 nM. concentratioiis in the lysate, 
a 10-fold higher concentration than the 52 bp control dsRNA. Under these conditions, target 
KNA cleavage is readily detec^tabie. Reducing the concentration, of 21 and 22 nt dxiplexes 
&om 100 to 10 nM does still cause targe^t RHA cleavage. locreaaiag th9 dupioK 
concentFation IQO aM to 1000 nM however does not fhrther increase target cleavage, 
probably due to a limiting protein factor within the lysate. 

In contrast to 29 or 30 hp dsRNA^ that did not mediate RNAi, the 21 and 22 nt 
dsRNAs with ovedianging 3' ends of 2 to 4 nt mediated efficient degradation of target BNA 
{dTJplexes 1, 3, 4, 6, FIG-s 5A and 5B). Blnnt-ended 21 or 22 nt dsRNAs (di^lexes 2, 5, and 
7, FIG.s 5 A and 5B) were reduced in thfih* ability to d^rade the target and indicate ihat 
overhanging 3* ends are critical for reconstitution of the IRNA-protein nnclease complex. The 
single-stranded overhangs may be required for high affinity binding of the --21 nt duplex to 
the protein components. A 5' temdnal phosphate, although presenc after dsSNA processing, 
was not required to modiat© target RNA cleavage and was absent fironi the short synthetic 
ENAs. 

The synthetic 21 and 22 nt duplexes guided cleavage of sense as well as aotisense 
targets within the region covered by the short duplex. This is an important result considering 
that a 39 bp dsKNA, which forms two pairs of clust^ of -21 nt JSragmcaata (Fig. 2), cleaved 
sense or anfisesose targets only once and not twice. We interpret this resnlt by suggesting that 
only one of two strands present in the -21 nt duplex is able to guide target RNA cleavage and 
that the orientation of the '-21 nl: duplex in the nuclease complex is determined by the initial 
direction of dsRKA processing. The presentation of an already perfectly processed —21 nt 
duplex to file in vitro system however does allow formation of the active sequence spedfic 
nuclease complex with two possible orientations of Hhe symmetric BNA dnpl^ Ihis results 
in cleavage of sense as well as antisense target within tbie region of identity with the 21 nt 
KNA duplex- 

The target cleavage site is located 1 1 or 12 nt downstream of the first nucleotide that 
is complementary to the 21 or 2^ nt gmde aequcaice. Le,, the cleavage site is near the cemiter 
of the region covered by the 21 or 22 nt RNAs (FIG,s 4A and 4B), Displacing the seose 
strand of a 22 nt dxiplex by two nucleotides (compare duplexes 1 and 3 in HG. 5 A) displaced 
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the ideavage site qf only Hie antisMise target by two nncleotides, Displacang both sense and 
antisoose strands by two nucleotides sfaiffced bofb cleavage sites by two nucleotides (coirqjare 
duplexes 1 and 4). It should be possible to design a pair of 21 oj 22 nt RNAs to cleave a 
target RNA at almost any given position- 

The specificity of target lEUSFA cleavage guided by 21 and 22 nt RNAs appears 
cExquiaie as no abecrant cleavage sites are detected (Fig. 5B). It should however be noted, 
that the nucleotides present in the 3* overhang of the 21 and 22 nt RKA duplex may 
contribute less to substrate recognition than the nucleotides near the cleavage site, Hiis is 
based on the observation that the 3' most nucleotide in the 3' overbang of the active duplexes 
1 or 3 (FIG. 5A) is not complanentajy to the target A detailed analysis of the speoificity of 
RNAi can now be readily nndertafcen using synthetic 21 and 22 nt KMAs. 

Based on the evidence that synthetic 21 and 22 nt RNTAs with ovegdianging 3' ends 
mediate RNA interference, we propose to name the -21 nt RNAs "short interfering RNAs" or 
siRNAs and the respective RNA-protein complex a "sraail interfering ribonncleoprotein 
particle," or siRNP. 

1.2.5- 3* Overhangs of 20 nt on short dsBNAs inhibit RNAi 
We have shown that short blunt-ended dsRNAs appear to be processed from the ends 
of the dsRNA. During our study of the length dependence of dsKNA in RNAi, we have also 
analyzed dsRHA with 17 to 20 nt overhanging 3' ends and jEbund to our soxprise that tiiey 
were less potent than bImit-OTdcd dsRNAa. The inhibitoiy effect of long 3' ends was 
particularly pronounced for dsRNAs up to 100 bp but was less dramatic for longer dsRNAs, 
The effect was not due to imperfect dsRNA ibnnation based on native gel analysis (data not 
shown). We tested if the inhibitory effect of long overhanging 3' ends could be used as a tool 
to direct dsRNA processing to only one of the two ends of a short RNA duplex. 

We synthesized four combinations of the 52 bp model dsRN A, blunt-ended, 3' 
extension on only the sense strand; 3'-extension on only the antisense strand, and double 3' 
extension on both strands, and m^ped the target RNA cleavage sites after incubation in 
lysate (FIG.S 6A and 6B). Tlie first and predominant cleav^ site of the sense target was 
lost when the 3' end of the antisense stcand of the duplex was extended, and vice vaisaj the 
strong cleavage site of the antisense target was lost when the 3* end of sense sttand of the 
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duplex was extended. 3' Extensiojas on both strands reoiteed the 52 bp dsRNA virtually 
inactive. One explanation for thfe dsKNA inactivation by --20 nt 3* exteiisions cotild be the 
association of single-stranded A-binding proteins which could interfere with the 
association of one of the dsRNA-processing factors at this end. This result is also consistent 

5 with our model where only one of the strands of the siRNA duplex in the assembled siKKP is 
able to guide target KNA cleavage. Ihe orieatation of the strand that guides RNA cleavage 
is defined by the direction of fhe'dsRNA processing reaction. It is likely that the presence of 
3' staggered ends may facilitate the assembly of the processing complex. A block at ttie 3' 
«ad of t3ie sense strand will onlyjpennit dsKNA processing from the opposing 3' «nd of the 

10 antisease stra334. This in tinn generates siBl^con^lexes in wMch only the 

of the siRNA duplex is able to gside sense target KNFA cleavage. The same is tnw for the 
reciprocal situation* 

The less pronounced inhibitory effect of long 3' extensions in ihe case of longer 
dsRNAs (500 bp, data not shown) suggests to us that long dsKNfAs may also contain internal 
15 dsEiNA-processing signals or may get processed coopeiatiyely due to the association of 
multiple cleavage &u;tofs. 



1.2.6. A Model for dsKNA-DirectedmKN A Cleavage 

The new biochemical data update the model for how dsRNA targets mRNA for 

20 destructitm (FIG. 7). Double stranded RNA is fibrst processed to siwrt RNA duplexes of 

predominantly 21 and 22 nt in length and with staggered 3* ends similar to an RNase Ett-like 
reaction (Dunn, 1982.; NicholsoDi, 1999; Robertson, 1982). Based on the 21-23 nt length of 
the processed RNA fragments it has already be^t speculated that an RNAse Hi-like activity 
may be involved in RNAi (Baas^ 2000). This hypothesis is finther supported by the presence 

25 of 5' phosphates and 3' hydroxyls termini at the termini of the siRNAs as observed in RNAse 
nt reaction products (Dmm, 19S2'; Nicholson, 1999). Bacterial RNAse III and the eukaryotic 
homologs Rntlp in S, cerevisiae and Paclp in S, pombe have been shown to fiinotion in 
processing of libosomal RNA as well as sdRNA and snoRNAs (see for example Chanfreau et 
aL, 2000), 

30 Little is known about the biochemistry of RNase HI homologs from plants, or 

animals, including humans. Two families of RNase III enzymes have been identified 
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predomiiianfly by database-guiddd sequeaice aaalysis or cloning of cDNAs. The first RNas^ 
m family is represented by the 1327 flmino add loBg D, melanogaster protein drosha (Ace. 
APn6572). The C-terminiis is cQmposed of two RNase m and one dsRNA-binding domain 
and the N-tenrdnns is of unknown fimction. Close homologs axe also found in. C. elegans 
(Aoc. AF160248) and human (Aoc. AFl S901 1) fPOippov e$ aL, 2000; Wu et al., 2000), The 
drosha-Uke human RNase III was recently cloned and characterized (Wu et aLy 2000)- The 
gene is ubiquitously expressed in human tissues and cell lines, and the protein is localized in 
the nucleus and the nucleolus of the cell. Based on results inferred from antisense inhibition 
studies, a role of this protein to iJtNA processing was suggested. The second class is 
represented by the C elegans %em K12H4.8 (Acc. S44549) coding for a 1822 amino acid 
long piotdD- This protein has an iN-tc^nninal RNA hdicase motif -which is followed by 2 
!RNase lH catalytic domains and a dsRNA-binding motif; similar to the drosha KNAse m 
femily. There are close homologs in S. pombe (Acc. Q09SS4), A, thaliana (Acc, AF1873 1 7), 
D, melanogaster (Acc. AE003740), and human (Acc. AB028449) (Filippov a/., 2000; 
Jacobseu et aU 1999; Matsuda et al, 2000). Possibly the K12H4.8 RNase m/helicase is the 
likely candidate to be involved in-RKAi. 

Genetic screens in C elegans identified rde-l and rde-4 as esseaatial for activation of 
KNTAi without an effect on transposon mobilization or co-suppression (Demburg et aL, 2000; 
Giishok et cd., 2000; Ketting and Plastetk, 2000; Tabara et al^ 1 999). This led to the 
hypothesis that these genes are important fbr d&RNA. ptrocessuig but are not involvod in 
mTKNA target degradation. The function of both genes is as yet unknown, the rde-l gene 
product is a member of a family of proteins similar to the rabbit protein eIF2C (Tabara et aL, 
1999)3 and the sequence of rde-4 has not yet been described. Future biochemical 
chaiactodzatioa of these proteins should reveal their molecular fimction. 

Processing of the siKNA duplexes a^jpears to start fiom the ends of both bhmt-ended 
dsRNf As or dsKNAs with short (1-5 nt) 3' overhangs, and proceeds in approximately 21-23 nt 
steps. Long (-20 nt) 3' staggered ends on short dsRNAs suppress BHAi, possibly through 
interaction with single-stranded RNA-binding proteins. The suppression of RNAi by single- 
stranded regions flanldng shoit dsRNA and the lack of siBjMA formation £rom short 30 bp 
dsRNAs ms>/ explain why stnictnied regions fi-eqnently raicouatered in mRNAs do not lead 
to activation of RNAi. 
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Without wisbing to be bound by theory, we presume that the dslJNA-pFrocessing 
proteins or a subset of these remain associated with the siHNA duplex after the processing 
reaction. The orientation of the siENA duplex relative to these proteins determines which of 
the two complementary strands functions ia guiding target RNA degradation. Chemically 

5 synthesdzed siRNA dtq^ilexes guide clesvage of sense as wdOi as antise!nt$e target KNA as thay 
are able to associate with the pro teia componauts in either of the two possible orientation. 

The remarkable JSnding that synthetic 21 and 22 nt siRKA duplexes can be used for 
efficieut mRNA degradation provides new tools for sequeoce-specific regulation of gene 
expression ia functional genomics as weU as biomedical studies. The siRNAs may be 

10 ef^ctive in maznmaHan systems where long dsRNAs cannot be used due to die activation of 
fb& PKR response (Clemens^ 1 997). As such, the siRNA duplexes represeait a new 
alternative to antisease or nbozyme tbn^apeutlcs. 

Example 2. RNA Xnterference in Hainan Tissue Cultures 
15 2.1. Mettods 

2.1.1. RNA preparation 

21 nt RNAs were chemically synthesized using Expedite KHA phosphoramidites and 
Ihymidine phosphoramidite (Proligo, Germany)* Synthetic oligonucleotides were 
deprotected and gel-purifiied (Example I), foUowed by Sep-Pak C18 cartridge (Waters, 

20 Nfilfoid, MA, USA) purification (Tuschl, 1993). The siRNA sequences targeting GfL2 (Acc. 
X65324) and GL3 luciferase (Acc U47296) corresponded to the coding regions 153-173 
relative to the first nucleotide of the start codon; siRNAs targeting RL (Acc, AF025846) 
corresponded to region 1 1 9-1 29 after the start codon- Longer RNAs were transcribed with 
T7 RNA polymerase ftom PGR products, folHowed by gd and S^Pat purification. The 49 

25 and 484 bp GL2 or GL3 dsRNAs corresponded to position 113-161 and 1 13-596, 

respectively, relative to the start of translation; the 50 and 501 bp RL dsRNAs corresponded 
to positions 118-167 and 118-6118, respectively, PGR templates for dsRNA synthesis 
targeting humanized GFP (hG) were amplified fiom pAD3 (K^hleubach, 199S), whereby 50 
and 501 bp hG dsRNA correspduded to position 1 18-167 and 118-618, respectively, to the 

30 start codon. 
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For annealing of siSHAs^ 20 fiM. single straitds were incubated in annealing buffer 
(1 00 mM potassium acetate, 30 wM HEPES-KOH at pH 7.4, 2 rxM ms^esiiim acetate) for 
1 min at 90'*C followed by 1 h at 37°C. The BT^C incubation step was extended overnight 
for the 50 and 500 bp dsRNAs and these annealing reactions were performed at S.4 pM. and 
0.84 ftM strand concentrations^ respectively. 

2,1,2. CeU Culture 

32 cells were propagated in Schneider's Drosophila medium. (Life 
Technologies) supplemented with '10% FBS, 100 units/ml penicillin and 100 /ig/M 
streptomycan at 25'='C. 293, NIH/3T3, HeLa S3, and COS-? cells were grown at 37*C in 
Du&ecco *& modiged Eagle's medium supplepaoated wilfa 10% FBS, 100 UDitsM penicillin 
and 100 figfmi strepfoniyciii. Cells were regularly passaged to tnaintain exponential growth 
24 h before tcausfeotion at approx, 80% confluency, mammalian cells were trypsinized and 
diluted 1:5 with &esli medium without antibiotics (1-3 x 105 ceZlsAnl) and tcaas^tted to 24- 
well plates (500 ^il/well). S2 ceUs were not trypsimzed before spHtting. Transfection was 
carried out wi^ LqK)f6ctamine 20t)0 reagent (life T&chnologies)as descdbed by the 
manufacturer for adherent cell lines. Per well, 1 .0 /ig pGL2-Control (Promega) or pGL3- 
Control (Promega), 0. 1 fig pRJL-TK (Promega) and 0.28 ^g siRNA duplex or dsIOSTA, 
fbnnulated into Uposomes^ were ^plied; the final volume was 600 /d per weU. C^Ils were 
incubated 20 h afiier transfectiou and appeared healthy hereafter. Luciferase expression was 
subsequently momtored with Uie Dual lucifarase assay (Promega)- Transfection efSciencics 
were determined by fluorescence microscopy for mammalian cell lines after co-transfection 
of 1,1 fi^ hGFP-encoding pAD3 and 0.28 pg invGL2 inGL2 silKNA and were 70-90%. 
Reporter plasmids were amplified in XLA Blue (Stratagene) and puiiJBiad using &c (JiagCT. 
EndoFree Maxi Plasmid Kit 

2JX. Results and Biscussiou 

To test whether siKNAs are also capable of mediating RNAi in tissue culture, we 
synthesized 21 nt siRNA duplexes with symmetric 2 nt 3* ovediangs directed agaiixst reporter 
genes coding for sea pansy QtenKla reniformis)md two sequence variants of fsiefly (JPhotinus 
pyrdlis^ G12 and GL3) ludferases (Fig. 8a, b). Hie siRNA duplesxies w^8 cQ-transfected 
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-witli the repoitfflT plasttrid cambiiiatioiis pGL2/pRL or pGL3/pRL into D. metcmogaster 
Schneider (S2) cells or mammalian cells using cationic liposomes. Luciferase activities were 
deteimined 20 h after transfection. ia all cell liiaes tested^ we observed specijSc reduction of 
tke expression of the reporter genes in the preseace of cogoate siRNA duplexes (Fig. 9a'-j). 
5 Reanarfcablyj the absolute lucifbr^ise expression levels were unaffected by nonrcognate 
BiRNAs, indicating the absence of Iwnnful side ef&crts by 21 nt ItNA dupleces (ag^.. Fig. 
lOa-d for HeLa cells), txD. metanogctster S2 cells (Fig. 9a, b), the specific inhibition of 
luciferases was complete, hi mammalian cells, where the reporter genes were 50- to 100-fold 
more strongly expressed, the specific suppression was less complete (Fig. 9c-j). GL2 

1 0 expression was reduced 3- to 12-fold, GI3 expression 9- to 25-fold and expression 1- to 
3-fold, in response to the cognate siRHAs. For 293 cellB, targeting of RL lucifeiase by RL 
siKMAs was ineffective, although GL2 and GL3 targets responded specifically (Fig. 9i, j). 
The lack of reduction of RL expression in 293 cells may be due to its 5-to 20-fold higher 
expression comyparcd to any other mammalian cell line tested and/or to Ihrated accessibility 

15 of the target sequence due to Rl^A secondaiy stiuctnre or associated proteins. NeverttieLess, 
specific targeting of GL2 and GL3 luciferase by ihe cognate siKNA duplexes indicaJed tibat 
RNAi is also functioning in 293 cells. 

The 2 nt 3* overhang in all siRNA duplexes, except for uGL2, was composed of (2' 
deoxy) thymidine. Substitution of uridine by thymidine in the 3* ovediang was weU tolerated 

20 in Ihe D. melanogaster in vfiro syst^ and the sequence of the ov«3iajig was not critical for 
target recognition. The thymidine overhang was chosen, becatise it is supposed to enhance 
nuclease resistance of siRNAs in the tissue culture medium and within transfected cells. 
Meed* the thyinidine-modified GL2 siRNA was slightly more potent than the unmodified 
uGL2 siRNA in all cell lines tested (Fig. 9a, c, e, g, i). It is conceivable that fiirfher 

25 modifications of the 3* ovethangmg nucleotides may provide adriitinnal benefits to fee 
delivery and stability of siRNA duplexes. 

in co-transfection experiments, 25 nM siRNA duplexes with respect to tiie final 
volume of tissue culture medium,- were used (Fig. 9, 10). Increasing the siRNA conceatration 
to 1 00 nM did not caahancc the spedfic sil^icing effect but started to afect transfection 

30 efScioacies due to con^etiticm for liposome encapsulation between plasmid DNA and 

siRNA (data not shown). Decrea^ug title siRKA conceatration to 1,5 nM did not reduce the 
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Specific silencing effect (data not shown), even tbough the siRNAs wore now only 2- to 20- 
fold more coBceaitrated Hian the DNA plasinidsv This mdicate$ ihat saRNAs are 
QXtcaordizianly poweifal reagents for mediating gene silencing and that siRNAs are efEective 
at concentrations several orders of magnitude below the concentrations applied in 
5 conventional antisense or ribo^yme gene targeting experiments. 

In order to momtor the effect of longer dsiRNAs on mammalian cells, 50 and 500 bp 
dsRNAs cognate to the rcportear gftoes were prepared. As non-specific control, dsJKNAs from 
hnmanized GFP (hG){KeMenbach, 1998) was nsed. Wlien dsRNAs were co-transfected in 
identical amounts (not concentraidons) to the siRNA daplexes, the reporter gene expression 

10 was strongly and naspecifically reduced. This effect is iUnstrated for HeLa cells a$ a 
represeaitstive example (Fig. lOa-d). The absolute Inciferase activities were decreased 
TmspccificaUy 10- to 20-fold by 50 bp dsKNA and 20- to 200-fold by 500 bp dsRNA co- 
transfection, respectively. Similar nnspecific effects were observed for COS-7 and NIEI/3T3 
cells. For 293 cells* a 10- to 20-fold unspecific reduction was observed only for 500 bp 

15 daKNAa. Unspeci&c xeduction in reporter gene expression by dslOMA >30 bp was expected 
as part of the inier^sion response. 

Sxuprisingly, despite the strong nnspecific decrease in reporter gene expression, we 
reproducibly detected additional sequence-specific, dsBKA-mediated sitenciAg- The specific 
silencing effects, however, were only apparent when the relative reporter gene activities were 

20 normalized to the hG d^RNA controls CFig. 1 Oe^ f>. A 2- to 10-fold specific reduction in 

response to cognate dslSKA was observed, also in the other three mammalian cell lines tested 
(data not shown). Specific silencing effects with dsRNAs (356-1 662 bp) were previously 
reported m CHO-Kl cells, but the amounts of dsORKA required to detect a 2-to 4-fbld specific 
reduction were about 20-fold higher than in our experiments (Ui-Tei, 2000). Also, CHO-Kl 

25 cells appoax to be deficient in the interferon response. la anolh^ report, 293, N1H/3T3 and 
BHK.-21 cells were tested for KNAi using Inciferase/IacZ reporter ccsmbinations and 829 bp 
specific lacZ or 717 bp unspecific GFP dsRNA (Caplen, 2000). The failure Of detecting 
KNAi in this case may be due to the less sensitive luciferase/lacZ reporter assay and the 
length differences of target and control dsRNA. Taken together, our results indicate that 

30 KKAi is active in mammalian ceXLs^ bxct that the silencing effect is difQcult to detect if the 
interferon system is activated by dsRNA >30 hp. 
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In sirannary, we have demonstrated for the first time siRNA-mediated g&ne silencing 
m mmsmaHim cells. Jhj& use of short fdKNAs holds great promise Ibr inactivation of gene 
function ia human tissue culture land the development of geae-spedfic fhexapeutlcs. 



5 Example 3. Specific Inhibition of Gene Expression by XU^A Interference 

3.1. Materials and Methods 
3.1.1. RNA preparation and RNAi assay 

Chemical RKA synthesis ^ aimealiBg, and luciferase-based RKAi assays were 
petformed as described in Exan^les 1 or 2, gr in previous publicattona (Tuschl et aL, 1999; 

10 Zamore ei aL^ 2000). All siBNA duplexes were directed against &efly luciferase, and the 
luciferase mKNA sequence was ^exived &om pQEM-luc (GenBank acc. X653 16) as 
described (TusoM et aL, 1999), The siKNA di^lexes were incubated in iX melanagaster 
RNAi/translation reaction for 15 min prior to addition of mRKAs, Translation-based Kl^Ai 
assays were perfbamed at least in triplicates. 

15 For mappmg of sense target RNA cleavage, a ITT-nt transcript was generated, 

corresponding to the firefly todfetase sequence between positions 1 13-273 relative to the 
start codoxi^ followed by the 17-i3t complement of the SP6 promoter sequence. For xnzqpping 
of andsense target RNA cleavage, a 166-nt transcript was produced from a template, which 
was amplified from plasmid sequi^ce by PCR using 5* primer 

20 TAATACGACTCACTATAGAG CCCATATCGTTTCATA (T7, promoter underlined) and 
3' pdmer AGAGGATGGAACCGCTGG, Hie target sequence corresponds to die 
complement of the firefly luciferase sequ^ce between positions 50-215 relative to the start 
codon. Guanylyl transferase labeling was performed as previously described (Zamore et aL^ 
2000). For mapping of target KNA cleavage, 100 nM siRNA duplex was incubated with 5 to 

25 10 nM target RNA in D. melanagaster embryo lysate under standard conditions (Zamore et 
al,^ 2000) fox 2 h at 25*^0. The re.action was stopped by the addition of 8 volumes of 
proteinase K buffer (200 mM Tris-Ha pH 7.5, 25 mM EDTA, 300 mM NaCl, 2% w/v 
sodium dodecyl sulfare), Protemase K (EJVl. Merck, dissolved in water) was added to a final 
concentration of 0-6 mg/ml. The reactioas were then incubated for 15 min at 65**C, extracted 

30 witih phenol/chlorofi^xEo/isoamyl alcohol (25:24:1) and precipitated with 3 volumes of 

ethaaol. Sarqples were located on 6% sequ^icing gel& Length standards were gea^^d by 
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partial KKase Tl digesdon and partial base hydrolysis of the cap labeled senpse or antisense 
target RNAs. 

3.2. Results 

3.2.1. Variatioa of tbe 3' ov^hang in duplexes of 21-nt sDXSAs 
As described above, 2 or 3 impaired nucleotides ai the 3* end of silWA diqplexes wore 
more efiScifidt in target RNA degmdation than the respective blunt-ended duplexes. To 
perfoim a more comprehensive acalysis of the fimctioii of the tenninal nucleotides, we 
synthesized five 21-Tit sense siRNAs, each displayed by one nucleotide relative to the target 
I5NA, and eight 21-iit antiseiose sxRNAs, each diegplaced by one nucleotide relative to the 
target (FIG. IIA). By combirdng sense and antisense siKNAs, dght sedes of siKHA 
duplexes with synthetic overhangmg ends were generated covering a range of 7-nt 3' 
overhang to 4-nt Sbverhang. Hie interference of siRNA duplexes was measured using the 
dual luciferase assay system (Tuscihl et aL^ 1999; Zamore et ah, 2000). siRKA duplexes 
were directed against firefly ludferase mRNA, and sea pansy Indfcxase mRNA was used as 
an internal control. The luminesceuce jcatio of target to control lociferase activity was 
detemrbaed in tbe presence of siKNA duplex and was normalized to the ratio observed in the 
absence of dsjRKA. For comparison, the interference ratios of long dsRNAs (39 to 504 bp) 
are shown in KEG. 1 IB. The intefferaice ratios were detsnnizied at ccmoraitratiQns of 5 nM 
for long dsElNAs (FIG. 1 1 A) and at 100 nM for laRNA dJ^Lsxea (HG. 1 1 C-J). The 100 nM 
concexitiatLons of siRNAs was chosen, because coniplete porooessing of 5 nM 504 bp dsRKA 
would result in 120 nM total siRIjJA duplexes. 

The ability of 21 -nt aRNA duplexes to mediate RNAi is dependent on the number of 
overhanging nucleotides or base ^ws fbnned. Duplexes with fbinr to six 3* overfiangmg 
nucleotides were unable to medisie RNAi (FIG. 1 1 C-F), as were di^lexes with two or more 
5' overhan^g nucleotides (FIG. 1 IG-J). The duplexes with 2'nt 3' overhangs were most 
efficient in mediating RNA interfsfencej <iiou^ the efficiency of silencing was also 
sequence-dep^dent, and up to 12-fold differences were observed for different siRNA 
duplexes with 2-nt 3' ovethangs (compare FIG. 1 ID-H), Duplexes with blunted raods, l-4it 5' 
oveshang or ]- to 3-nt y overhangs were somedmes fondionaL The small silencing effect 
obsQfved fertile siRNA duplex with T-nl 3' overhang (FIG. llC) may be due to an antisense 

55 



03099298A1 I > 



wo 03/099298 



PCT/EP03/05513 



effect of the long 3' overhang ratber than due to KNAi. Comparison of th& eJKciaacy of 
KNAi between long dsRNAs (Fig. 1 IB) and the most eJQfective 21-nt siRNA di^lexes (Fig. 
I IE, G, and H) indicates thai a single siENA duplex at 100 nM concentration can be as 
effective as 5 nM 504 bp dsKNA. 

5 

3.2.2. Length variation of the sense sSKNA paired to an invariant 21-nt antisense 
siRNA 

In order to investigate the effect of Imgth of siRNA on KNAi, we prepared three 
series of siRNA duplexes* combining three 21-nt anlds^se strands with eight, IS-to 25-nt 
10 sense strands. The 3* overbad^ of the antisense fflIU>lA was 

sflRKA dupl«x series, while the sense siRNA was varied at its 3' end (FIG. 12A). 
Independent of the length of the sense siKNA, we found that duplexes with 2-nt 3*overhang 
of antisense siRNA (FIG. 12C) were more active than those with 1- or 3-nt 3' overhang (FIG. 
12 B, D). ia the first series, with 1-nt 3' overhang of antisense siRNA, duplexes with a Il- 
ls and 22-nt s^use siRNAs, caiiying.a 1- and 2Ha.t 3' overhang of sense siRNA, respectively, 

were most active. Diaplesces with 19- to 25-nt sense siKNAs were also able to mediate RNA^ 
but to a lesser extent. Similarly, in the second series, with 2-nt overhang of antisense siRNA, 
the 21-nt siRNA duplex with 2^nt 3' oveThang was most active, and any other combination 
with the 18- to ZS-xjt sense siRNAs was active to a signi£[cant degree. In the last series, with 
20 3-nt antisense siRNA 3' overhang,' only the duplex with a 20-nt sense siRNA and the 2>nt 

sense 3' overhang was able to reduce target RNA expression. Togettieor, these results indicate 
that the lengtb of the edRNA as wdll as the length of the 3' overiiang are iniportant. and that 
duplexes of 21-nt siRNAs with 2-nt 3' overhang are optimal forRNAi. 

25 3«23 Lengdi variatioja of siRNA duplexes with a constant 2-nt 3' overhang 

We next examined the effect of simultaneously changing the length of both siRNA 
strands by maintaining synnnetric 2-nt 3' overhangs (FIG.13A). Two series of siRNA 
duplexes were prepared including the 21-nt siRNA duplex of FIG. 1 IH as reference. The 
Icngdi of the diqjlexes was varied between 20 to 25 bp by eottoiding the base-paired segment 
30 at the 3' end of the sease siRNA (KG. 13B) or at the 3" end of the antisense siRNA (FIG. 

13C), Duplexes of 20 to 23 bp caused specific repression of target hiciferase activity, but the 
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21-iit siRNA duplcK was at least S-foM more eMdent than any of the other duplexes, 24-and 
25-nt siKNA duplexes did not resjilt in any detectable interfer^ce. Sequence-specific effects 
were minor as vaiiadons on both ends of the duplex pToduoed gimilar effects. 

3.2.4. 2*-Deoxya]id2''-a-met]iyl-iiiodijniedsiRNA duplexes 
To assess the importance of the sIKNA ribose lesidttcs for RNAi duplexes with 21-nt 
siRNAs and 2-nt 3'ovetiiangs witJi 2* deoxy- or 2 -0-meihyl-modified strands were examined 
(FIG. 14). Substitution of 2-nt 3' overhangs by 2"-deoxy nucleotides bad no efTeet^ and even 
the replacement of two additional'ribonncleotides a<Sacent to the overhangs in the paired 
re^oA produced significantly active siRNAs. Thus, 8 out of 42 nt of an siRNA duplex were 
r^laced by DNA residues wMioiit loss of activjity. Complete substitution of one or both 
siRNA strands by 2'-deoxy residues, howevra:; abolished RNAi, as did substitution by 2'-0- 
methylresidues. 

3J:.S. DefmitionoftarsetRNA cleavage sites 

Target RNA cleavage posifions were previously deteimined for 22~nt siRKIA 
duplexes and for a 21'.nt/22-nt duplex. It was found that tbe position of the target RNA 
cleavage was located in the center of the region covered by the siRNA duplex, 1 1 or 12 nt 
downstream of the jScst nucleotide ttiat was coirgplementaiy to the ll-ot 22-nt siRKA guide 
sequence. Five distmct 21-nt siRNA duplexes with 2-nt 3' ovatong (FIG. 15A) were 
incubated with 5' cap-lab^ed sense or antisense target RNA in D. nmlanogastet lysate 
(Tuschl et aL, 1999; Zamore et al:, 2000). The 5' cleavage products were resolved on 
sequencing gels (^lO. 15B). The amount of sense target RNA cleaved correlates with the 
eiSciency of siRNA duplexes deteonined in the translation-based assay, and siRKA duplexes 
1 , 2 and 4 (FIG. 1 5B and 1 1 H* G,i E) cleave target RNA fester than dtzplexes 3 and 5 (FIG- 
15B and IIP, D). Notably, the sum of radioactivity of the 5' cleavage product and the input 
target RJSFA were not constant ova: time^ and the 5' cleavage products did not accumulate. 
Presumably, the cleavage products, once released from the siRNA-eadonuclease complex, 
are rapidly degraded due to the lade of either of the poly(A) tail or the 5'-c^. 

The cleavage sites for both' sense and antisense tai;get RNAs were located in the 
middle of the region spanned by tHe siRNA duplexes. The cleavage sites for each target 
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produced by "ftie five dififerenf di^lesxes varied by one nucleotide according tg ttie 1-nt 
displac^ent of the diq>lex:es along the target sequoices. The targets were cleaved precisely 
1 1 nt downstream of the target position complementary to the 3'-most xEucleolide of the 
seqiience-complementary guide siKNA (FIG. 15 A, B), 

5 In order to dstemuiiey whether the 5' or the 3' end of the guide slRNA sets the ruler 

for target RNA cleavage, we devised the expmmeatal strategy oudiaed in FIG. 16A and B. 
A 21 Hat antisense siKNA^ which was kept invariant for this study^ was paired with sense 
siKNAs that were modified at either of their 5' or 3' ends. The position of s^ise and 
antisense target KNA cleavage was determined as described above. Changes in the 3' end of 

10 the sense siSKA, monitoted for 1-nt 5* overhang to 6-nt 3' ovediang, did neiUier effect the 

position of s^ose nor aatiseose tatg^ KbTA cleavage (FIG.16C). Changes In the 5' end of Ihe 
sense siRNA did not affect the sense target RNA cleavage (FIG. 16D, top panel), which was 
expected because the antisense siKNA was unchanged. However^ the antisense target RNA 
cleavage was affected and strongly dependent on the 5' end of the sense siKNA (FIG. 16D, 

15 bottom panel). The antisense tsocgiett was only cleaved, when the segase siKNA was 20 or 2 1 nt 
in size, and the position of cleavage diEferent by l-nt, suggesting that the 5' end of the targ^~ 
recognizing siRNA sets the ruler for target RNA cleavage. The position is located between 
nucleotide 10 and 11 when countuag in upstream direction firoin the target nucleotide paired 
to the 5 -most nucleotide of the guide siRNA (see also FIG. 15A). 

20 

3.2.6. Sequence effects and 2*Hieoxy substitutions in the 3* overhang 

A 2-nt 3' overhang is preferred for siRNA fimction. We wanted to know, if the 
sequence of the ov^hanging nucleotides contributes to target recognition, or if it is only a 
feature required for reconstitiition,of the endonucleasc complex (RISC or siRNP). We 

25 synthesized sense and antisense sikNAs with AA, CC, GG, UU, and UG 3' overhangs and 
included the 2'-deoxy modifications TdG and TT. The wild-type siRNAs contained AA in 
the sense 3' overhang and UG in the antisense 3' overhang (AATJG), All siRNA duplexes 
were functional in the interfercaice assay and reduced target expression at least 5-fold (FIG. 
17). The most efBcient siRNA duplex^ that reduced target expression more than lO-fold^ 

SO were of the sequence type NN/UG^ NN/UU^ NN/TdG, and NN/TT (N, any nucleotide). 

siRNA duplexes with an antisense. siRNA 3' oveihang of AA, CC or GG were less active by 
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a &ctor 2 to 4 -when compstied to iSbe mid-type sequence UG or the mutant UU. This 
reduction m RNAi efScicncy is liely due to the contributioii of the penultimate 3' 
iiucleotide to sequence-specific taiset recogidtiou» as the 3' tectrdnal nucleotide was rfiaaaged 
firom G to U without efSect, 

Changes in the sequence of the 3' overhang of the sense siRNA did not reveal any 
sequsDce^^endent effects, wluch was expected, because the setnse sdRNTA must uot 
contribute to sense target mKKA TeoogDition. 

3.2.7. Sequeuce speclficily of target recognition 

3h order to examine the sequence-specificity of target recognitioii^ we iutcoduced 
fiequmce changes into the pairedlsegmeats of siRKA Aaplexcs and detonmined the efiQciency 
of sileaciag. Sequence changes were introduced by inverting short segments of 3- or 4-nt 
length or as point mutations (Fid 18). The sequence changes in one siRKA strand were 
comp^satcd in the complementary siRNA strand to avoid perturbing the base-paired siKKA 
duplex stnictme. The sequence df all 2-nt 3' overhangs was TT (T, 2'deo:^rtfaynudine) to 
reduce costs of syntheas. The TT/TT reference siKNA duplex was cottqjarable in RNAi to 
the wild-type slRNA dT;5jlex AA/pO (FIG. 17). The ability to mediate reporter mRNA 
destruction was quantified using the translation-based luminescence assay. Duplexes of 
siKNAs with inverted sequ^ce segments showed dramatically reduced ability for targeting 
the Siefly luciferase reporter {^IQ, IB). The sequence changes located between the 3* end 
and the middle of the antisens© siRNA coragpletely abolished target RNA recognition, but 
mutations near the 5' end of the antjsense siRKA exhibited a small degree of silencing. 
Transversion of the AfU base pair located directly opposite of the predicted target RNA 
cleavage site, or one nucleotide further away &om the predicted site, prevented target RNA 
cleavage, therefore indicstmg ^istt a sin^e mutation within the c^ter of an siRNA duplex 
discnminated between misniatchi^d targets. 

33, Oiscttssloxt 

SiRNAs are valuable reagents for haactivation of gene expression, not only in insect 
cells^ but also in mammalian cells^ with a great poteaitial for therapeutic ^vplication. We have 
systematically analyzed the structmal det»minants of siRNA duplexes required to promote 
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efficient target KNA degradatioiDl in A melanogaster CTnbryo lysate, tihsis providiiig rules for 
the design of most potent siEUSfA duplexes. A perfect siKNA duplex is able to silence gene 
expression witii an ejOGciency comparable to a 500 bp dsORNA, given fliat compaiable 
quantities of total RNA aye used. 

3.4, The sIRNA user gujde 

Effiiciently silencing siKNA diq>lexes are preferably composed of 21-nt antisense 
siKNAs, and should be selected to form a 1 9 bp double helix with 2-nt 3' overhanging ends. 
2'-deoxy substitutions of the 2-nt 3' overhanging ribonucleotides do not affect RHAi, but help 
to reduce the costs of SNA syiiflaesis. More extensive 2 -deoxy or 2'-0-.methy]modif[cations> 
however* reduce tibe ability of mKNAs to mesdiate RNAi, probably by interfering witti protein 
association for siRHP assembly. 

Target recognition is a highly sequence-specific process, mediated by the siRNA 
complementary to the target. The 3'-most nucleotide of the guide siRNA does not contribute 
to specificity of target recognitidn, while the penultimalB micleotide of the 3' ovorhang 
affects target RNA cleavage, and a mismatch reduces RNAi 2- to 4-fold. The 5' eod of a 
guide siRKA also appears more permissive for mismatch«i target RNA recognition "whm 
compared to the 3' end. Nucleotides in the center of the siRNA, located opposite the target 
RNA cleavage site, are important specificity detenninants and even single nucleotidje 
changes reduce RNAi to an imd^ytectzO?!© level. This su^sts tibat sIRNA duplexes may be 
able to discriminate mutant or polymorphic alleles in g^e targeting expcrimcaits, which may 
become an important feature for future fherapeutic developments. 

Sense and antisense siRlsJAs, when associated with the protein components of die 
endomiclease complex or its commitment complex, were suggested to play distinct roles; the 
relative orientation of the siRNA duplex in this complex defines which strand can be used for 
target recognition. Synthetic si^A duplejces have dyad symmetry with respect to the 
double-helical structure, but not with respect to sequence. The association of siRNA 
duplexes with the RKAi proteins in theZ). melanogaster lysate will lead to foraiatton of two 
asymmetric complexes, in such hypothetical complexes, the chiral environment is distinct 
for sense and antisense siRNA, hence thar ftoction. The prediction obviously does not 
apply to palindromic siRNA sequences, or to RNAi ptot^s lhat could associate as 
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homodimers. To mimmize sequfeoce effects, which may affect the i:atio of sense and 
antisense-targetiaag stKNPs, we suggest to use siRNA seqttexices with identical 3' 
overhanging sequences. We recommend adjusting the sequence of the overhang of the sense 
siRNA to that of the antisense 3':overhang, because the sense siRNA does not have a target 
5 in typical knockdown experiments. Asynina.etry inreooiistitationof sense aiidaiadsei^ 
cleaving siKNPs could be (partially) responsible for the variation in KNAi efficiency 
observed fbr various 2l-nt sCRKA di^lcxcs with 2-nt3' overhangs used in this study (FIG, 
14). Altemativelyj the nucleotide sequence at the target site and/or the accessibility of the 
target RNA structure may be responsible for the variation in eSiciency for these siKNfA 
10 duplexes. 

A number of embodimraits of ibe invention have been described. Nevcrthelesa, it will 
be tmdecstood that various modifications may be made without dwarfing from the spirit and 
scope of the invention. Accordingly, other embodiments are within the scope of the 
following claims. 

15 
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WHAT IS CLAIMED IS: 

1 . A method of treating a subject comprising: 

5 (a) identil^gasul3ject]iavin&orat3isklbrhaviiig»imwam 

proHferation; 

(b) pitividing an ^iRNA &at is hoxnologotis to a gene that can pzomote cell 
proliferation; and * 

(c) administeringithe siRNA to the subject, 
10 thereby treationg tJie subject 

2. The method of claim 1 , wherein tiie subject has a malignant or nonmahgnant cell 
proliferation. 

15 3- The method of claim I , wheidbi the gene encodes one of the groiq? consisting of a 

grow^ &ctor, gFoxvih factor rcc^tor^ kinase^ ad^tar protein, and transcdpdon factor. 

4. The method of claim %, wherein the gene is one of the group consisting of RAS, 
INK, c-MYC, cycliii D, and beta-catenin. 

20 

5. The method of claim 1, WhrneHn the siibiect has, or is at risk for having, one of the 
group consisting hing canco:^ bresast cancer, colon cancer, or liver cancer. 

6. A method of treating a subject con^prising: 

26 (a) identifying a subject having, or at risk for having, a disorder associated 

with a viral infection; 

(b) providing an ^iBKA that is homologous to a gene &at can mediate viral 

fimctioD; and 

(c) adrmnistering'the siRNA to the sobject^ 
30 thmby treating subject 
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7. Hie metiiDd of claim whereiii th© gene is a viral gene or an endogesaoiis gene of 
the subject 

8. The method of claim 6, wherein the subject has, or is at risk for having, Acquired 
5 linmmse DejBlciency Syndrome (AIDS), asHnna, or Hodgkin's disease. 

9. The method of claim 6, wherein the subject is iofected by, or is at risk for heing 
infected by a virus in the group consisting of Human Immunodeficiency Virus (HIV)^ a 
hepatitis virus, respiratory syncytial virus (RSV), or Epstein Bair Virus (EBV). 

10 

10. The tnethod of claim'9. wherein the hepatitis virus is hepatitis A, B, or C. 

11. The method of claim 9, wherein the gene is Gag or Rev gene of HIV. 

16 12. Amethod of treating a subject coiojpaising: 

(a) identifying a subject having, or at risk for having, a disorder characteristic 
of an unwanted immune respons^ 

(b) providing an dilOSfA that is homologous to a gene that can affect the 
unwanted immune response; and 

20 (c) administering IthesiRNA to the subject, 

thcrdsy treating the subject. 

13. The method of claim .12, wherein the unwanted immime response is caused by an 
autoinnnune disease or disordear. 

25 

14. The method of claim 12, wherein the gesie is endogaious to the subject 

15. The method of claim il2> wherein the subject has, or is at risk for having, 
infiiammatoiy bowel disease, astlona, raoMple sclerosis, or a rqf>erflision irdury, 

30 
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16. The method of claim 15, wherein the leperfiision injiny is associated with acute 
ntyocardial iaS^lion^ unstable angina, cardiopuhnonary bypass, Or angioplasty. 

17. The metihod of claim 12, wherein the gene encodes a complement factor, 

5 

18. The method of claim 12, wherein the gene encodes a protein selected from the 
group consisting of VLA4, VCAM, ICAM, E-selectin (ELAM), C5 complement, TNFc^ 
TNPA IL-2, IL^ rL-4R,.II^5, CCR3, Grol, Gro2, and Gro3. 

10 19, A method oftreating^ subject compnsingr 

(a) identii^dng a subject having, or at risk for having, a disord^ characterized 
by acute or chronic pain; 

(b) pxoviding an siiRNA lhat is homologous to a g^e that can affect the 
processing of pain; and 

'•5 (c) admimstering ihe siRHA to the subject, 

th^by treating the subject 

20. The method of claim 19, wharein the gene encodes a conQKmeot of an ion 
channel, a neurotransmitter receptor, or a ligand of a neurotransmitter receptor. 

20 

21 . A method of treating a subject comprising: 

(a) identifying a subject havings or at risk for having, a neurolo^cal disease 

ordisordfia:; 

(b) providing an siRNA that is homologous to a gene fbat can aifect the 
25 neurological disease or disorder; 4nd 

(c) ad3QQinistering the siRNA to the subject, 
thereby treating the subject. 

22. The method of claim 21, wherein the subject has, or is at risk for having, 
30 Alzheimer's disease^ Paiidnson's disease, or a trinucleotide repeat disorder. 
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23. The method of claiin'22, wherein fhe trmucleotide repeat disorder is 
Huntington's disease. 

24. The raefhod of claim21, wherein flie gene encodes a protein selected jfrom the 
5 group cmsistiiig of AFP, PSENl, PSEN2, and a-synnclein. 

25. A method of treating a subject having, or at risk for having a loss of 
heterozygosity (LOH), the method comprising; 

(a) identifying a subject having, or at risk for having^ LOH; 
10 (b) deteimining the genotype of ^ allele of a gme in a legion of m 

LOH celt 

i 

(c) determining tfcre genotype of both alleles of the gene in a nonnal cell; 

(d) providing an siRNA that is homologous to an allele of the gene in the 
LOH celt but not homologous toian allele of the gene in a nozmal celt and 

15 (c) administering the siRNA to the subject, 

thereby treating the subject 

26. The method of claim 25, whfflnein the subject has, or is at risk for having, a 

cancer. 

20 

27. The method of claim 25, wherein the siRNA is homologous to an allele having a 
single nucleotide polymorphism (SNP). 

28. The method of claim 25, wherein the LOH cell is a tumor cell. 

25 29, The method of claim 25, whafein the siRNA is homologous to an allele of the 

large subunit of human RKA polymerase II (P0LR2A), the replication protean A 70-kD 
subunit, replication protein A 32-kD subunit, ribonucleotide reductase, thymidilate synthase, 
TATA associated jfector 2H, ribosomal protein S 14, eukaryotic initiation fector 5 A, alanyl 
tRNA synthetase, cystcinyl tRNA;synthetase, NaK ATPase, aipha-1 subunit, or transferrin 

30 recq^tor. 
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30. Use of double-stranded RNA molecules, wherein each RNA strand has 
a length of 1 9-25 nucleotides for the manufacture of an agent for 
mediating target-specific nucleic acid modifications in mammalian cells 
or organisms. 

31. The use of claim 30, wherein at least one strand has a 3'-overhang 
from 1-5 nucleotides. 

32. The use of claims 30 or 31, wherein the target-specific nucleic acid 
modification is RNA interference. 

33. The use of any one of claims 30-32 for silencing at least one gene 
which promotes unwanted cell proliferation. 

34. The use of claim 33 wherein the gene is selected from the group 
consisting of growth factor genes, growth factor receptor genes, 
adaptor protein genes, genes encoding a Q protein superfamily 
molecule and genes encoding a transcription factor. 

35. The use of any one of claims 30-32 for silencing at least one gene 
which mediates angiogenesis. 

36. The use of any one of claims 30-32 for silencing at least one viral gene 
or cellular gene which mediates viral function, 

37. The use of any one of claims 30-32 for silencing at least one gene 
from a bacterial, amoebic, parasitic or fungal pathogen. 

38. The use of any one of claims 30-32 for silencing at least one gene 
which mediates an unwanted immune response. 
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-71- 

39. The use of any one of claims 30-32 for silencing at least one gene 
which mediates the processing of pain. 

40. The use of any one of claims 30-32 for silencing at least one gene 
which mediates a neurological disease or disorder. 

41. The use of any one of claims 30-40 for the allele-specific silencing of 
at least one gene. 

42. The use of any one of claims 30-41 wherein the agent comprises the 
double-stranded RNA molecule as an active ingredient. 

43. The use of any one of claims 30-41 wherein the agent comprises 
vectors capable of expressing the double-stranded RNA moelcule as an 
active ingredient. 
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FIGURE 3B 

sense target S 

5' VmGpppOAACAAUUGCUUUUACAGAUGCACAUAUCGAGGUG 

antisense target dsRNAs ——== 

3' CGCAiraAUGCUGAGUGAUAUCmJGOTAACGAAAAUGUOTACGUCTAttAGCUCCAC 



AACAUCACGUACGcd<&&VcTOCGAAAUGUCCGTO^^ 
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52 bp dsFp-luc p133 
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GL3 

lnvGL2 

RL 



5' C&'tJACGC^GJ^UACUOCGATJTJ 
UUGi^trGCGgcOTAUGAAGCtr 5' 

B' cltJACGclGJ^UACUUCGATT 
OTG^TJGCGgcxa^UGAAGCU 5' 

5' cSctacgcSga^acuucgatt 

TTGgAUGCGgcU^UGAAGCU 5' 

5' AGCUUCAUAAGGCGCAUGCra 
TT0CGAAGOAUOCCGCGUACG 5' 

5' AAACAUGCAGAAAAUGCUGTT 
TTDXjaGUACGtJOCnnHTACGAC 5' 
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-2 to 7 nt 
3' overhang 



sense siRNA (18-25 nt) 
antisense siRNA (21 nt) 



■i.mnmiiiniiiii ' 

1 to 3 nt 
3' overhang 



B 



5' CGUACGCGSIAU&COUCQ 

"OGCAOGCGCCtroAUGAAOCTnJ 5' 

S' CGDACGCGOAADaCOCCGa 

tTGCATTGCGCCUDACrGAAGCOa 5' 

5' CGPaCGCGGaUlP&COUC Q&a. 
OGCaUGCGCClIUAtfSaJMSCUU 5' 

5' csoACGCGa&iua&ccnxzQaAA 

TjQCAIIQOGCCtroAtK3»AeCOa' S' 

5' CGUaCaCGGJUyOACUaCGAAAU 
trGCA0GCGCCnroa.tJGAA(^OTT S' 

5' CGUACGCGGaAtlACOUCG&AAtIG 
UGCauGCGCCOnAITGAAGCmT 5' 

5' CGOACGCGGaATJACOaCGAAAUGU 

UGCAUGCGCCCreAUOftAGCUU 5' 
5' <S3UACGCG(3i&nft.COTICOAAa.TranC 

xiacATTGcacctnn.'iRSUusciinj s' 
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I 0.8 
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-2 -1 0 1 2 3 4 5 
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5' CGDACGCGGAAUACUaCG 
GOGCaUGCGCCOUADGIVAGCU 5' 

5' CGgACGCG GAAO ACUUCGA 
GUQCAWSCGCCnnaHGAAGCO 5' 

5' COOACGCOeAAJXACDUCGQUk 
GUGCAUGCaCCiraAUQAAOCIT 5' 

5' CGDACGCQGAAttACOUCGAAA 
QUGCADCCGCCtniAnGAAGCIT S' 

5' CGOaCaCGGAAUaCUaCGAAAtJ 

oaGcxiiacsccmTAuaAAGcu s' 

S* CGDACGCGGAAnACmiCGAAATTG 
GUGCaiDQCGCCtniAUGaAQCT 5' 

5' cGnACGCGGAAoacoiFOoaAaijea 

GUGCAUOOTCKJtJXfATJGJIAGCn 5' 

$f CGa&CQCGOAAIIACUUCG&aA^GOC 
GUrGCAUGCQCCDUAUOAAQCCr 5' 



1.2 
1 
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2-nt as 3' overhang 



,1 0 1 2 3 4 5 
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3' overhang of sense strand {nf) 
lengrh of sense strand (nQ 



5' CGQ&CGCGGAAUACOUCG 
ASOQaWJTCGCCUnAUGaASC 5' 

5' CGOACGCGaftAnACDUCGA 
lUSnGCAUGCGCCOUAnGAAGC 5' 

S' CCTauCGCSGSUnACDOCGftA 
AGUeCAT]QG»3C(n7IXan(3AAGC 5' 

5' CGOACeCGGAAOACtmCGAaA 
AGarGCAUOCGCCmnWCfGAAGC 5' 

5' CGDACGCGGAAaACOtrCGAAATT 
AGOGCAtrGCaCCCraAUGAASC 5' 

5' CGaACGCGGA&tJACtraCGAAAITG 
AGUGCaUSCGCCnOAOTGAAGC 

CGUACGCOGRA'DACUnaSAAAUtStr 



5' CXmceCM«ffift2UaACD0CG2lAAtlGUG 
AGXJGCAXJOCGCCTUAUGAAOC S' 



0.6 
0.4 
0.2 
0 



rti 
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B 



-1 to 6 nt 
3' overhang 



■illlllllilillilillli' 



2 nt 

3' overhang 



2nt 

3' overhang 



iBiiiiniiiuiimni" 



0 to 5 nt 
3* overhang 



5 ' CGUACGCGSa^AUACtrUCG 
GUaCADGCGCdgJ&UG&RGCar 5' 

S' C6VAC6C6(&A.13ACncrca& 

saoGAUOCGccim&tTaiUUscu 5' 

S' CGna.GGCG fflkAtP LCUUCS&A 
eUOCATJGCGCCtgEMTGAAGClJ 5' 

5' CGUACGCGC&AtrACTmCGAAA 
GUQCAUGCGCClglAUQAAGCD 5' 

S • COaACGCG<^LAUACnDCG&AAir 
GUGCATJGCGCCmiairGAAGCn 5' 



5' aaTACGCQ 6AATO gDnca&&2UJO 
GUGCSbVGCGCCIip&UilAAGCO 5' 

5' caroACGCG Gautfi &cnrocs^AAai 

aUGCAUSCGCCXmATJGAAGCa 5' 



OffGC&TJGCGCcn^DlMTGJL&OCnT 5' 

<^ d^18 19 20 21 22 23 24 25 



5' ACGCG^UklXACTnTCGAAA 
eaGCAXTGOGCCUnAtrSAAGCTT 5 ' 

5' UACGCG^iAUACaiTCGAAA 
GUGCaXlfGCGCCmjAlIGAAaCIJ 5' 

5' GTJACGCG^iA'nACTJaCQAAA 
GUGCAUGCGCCUTIAtrGAAQClT S' 
A 

5 " CSnACGCGC^ATJACOWCSAAA 
GUGCAUGCGCCCpAtlGAAGCIJ 5' 



5* AGGOACGCGG^AnACUCrCGAAA 
GDGCAUQCGCOTIXAinSUkjSCU 5' 

5' CACSDACOCG<ikAnACinTCaAAA 
QUGCAUaCGCCtjaAUGAAOCnj S' 
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ref 
1 
2 

3 
4 



5' CGI7ACGCGG2iAT3ACUtTCGATT 
TTGCAUGCGCCnUAUGAAGCtr 5' 

5' pJGCCGCGGAAUACDTJCGATT 
TlftiAg(iGCGCCIKTATJGAAGCX? 5' 

5' CGUA^iCGClGAAUACUUCGATT 
TTGCA-qC^gCXHIAUGAAGCU 5' 

5' CGUACGCCiS&iCDUCGATT 
TTGCAUGCGC^gagnGAAGCU 5' 

5' CGUACGCGGAAXMU^CGATT 
TTGCAUGCGCCUU^Z^gUGCU 5' 

5' CGDACGCGGAA0ACtn^G^T 
TTGCAUGCGCCU0AUG2U%gqg 5' 

5' CGnACaCGGfO&nACtFUGGATT 
TTGCaUGCGCX^KaATfGA&GCU 5' 

5' CGTIACGCGGa^ACOTJCGATT 
TTGCAUGCGCCXJapMraaAGar 5' 
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5' CGtrACGCGGAAUACUTJCGl^ 
GUGGAUGCGCCmiAUGAAGC S' 

S' COtJACGCGGAAOACUUCGAAA 
GUGCAtrGCGCCUUACTGAAGCtr 5' 

5' CGUACGCG6AAUACOTJCGATT 
TTGCAUGCGCCUUAUGAAGCU 5' 

5' CGUACGCGGAAtrACUUCGAAAU 
GUGCAUGCGCCUIXAXJQAAGCOU 5' 

5' CGOACGCOGAAUACUUCGAAAUG 
GtJGCATJGCGCCOXTAXTGSAQCOnU 5' 

S' CGUACGCGGAATJACUaCGAAAUGU 
GUGCAXTGCGCCtrcrAUGAAGCUmJA 5' 

5' CGUACGCGGAAUACUUCGAAAUGUC 
GUGCAUGCGCCOUAUQAAacu (J OAC 5' 



B 



5' GtrACGCGGZ^AHACUUCGAAA 
UGCAUGCGCCDtrATXGaAGCU 5' 
5 ' CGTTACGCGGAAUACDUCGAAA 
GUGCAUGCGCCUUAUGAAGCU 5' 
5' ACGUACGCGGAAUACDUCGAAA 
AGUGCA0GCGCCaUAUGAAGCO 5' 
5 ' CACGUACGCGGAAUACOaCGAAA 
UAGUGCAUGCGCCCTOAUQAAGCq 5' 
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b 0.2 
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